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THE AUTHOR 


We believe J. Douglas Fortune to be the most competent 
engineer that could have been selected to prepare this Guide for 
Beginners in Amateur Radio. 


An ardent radio experimenter since his youth, he has made 
a profession of his hobby, specializing in the development of 
equipment, circuits and technical aids for amateurs. After 
leaving college he spent three years in the research laboratories 
of one of the largest radio receiver manufacturers. He then 
goined the Thordarson organization as a member of its engt- 
neering staff, where, during the past several years, he has 
assisted in the development and perfecting of our quality prod- 
ucts and the preparation and editing of many Thordarson 
engineering bulletins and technical publications. 


In addition, Mr. Fortune has been a regular contributor to 
the leading radio magazines, including such publications as 
OST, Radio, Communications, and Revista Telegraphica, 
writing on advanced developments in the amateur field. He 
has also been in constant demand as a speaker, having addressed 
amateur and professional groups in all parts of the country. 
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PREFACE 


HIS Rap1o AMATEUR BEGINNERS GUIDE is dedicated 
to those people young and old, who, although in- 
terested in amateur short wave transmission, have 
found it difficult to get started. It is written in simple, 
understandable language expressly for the beginner so 
that the fundamentals of short wave radio may be grasped 
without previous knowledge or experience. With the aid 
of this book the prospective amateur is guided by easy 
steps to the completion of a first class amateur transmitter. 


The method of presentation in this book is a little 
different from that of a regular textbook. A presentation 
confined strictly to radio fundamentals may prove to be 
rather uninteresting. In this book the fundamental theory 
is interspersed with construction data, and each chapter 
has enough theory to enable the reader to understand the 
subject covered. In this way the necessary theory is pre- 
sented in easy stages so that at no time will the reader find 


himself burdened with a presentation of strictly technical 
facts without apparent connection to practical applica- 
tions. In addition, a reference chapter is provided in the 
back of the book giving more detailed information than is 
included in the regular text. Frequent reference to this 
chapter is recommended for a more complete understand- 
ing of the subject. 


The author sincerely believes that this book fills a long- 
felt need by providing the beginner with enough funda- 
mental theory to secure a foothold in amateur radio. 


Grateful acknowledgement is hereby made to Mr. 
Frederick C. Kulieke, Sr. of the Lane Technical High 
School, Chicago, Illinois, for his valued assistance in pre- 
paring the text, and to the members of the engineering staff 
of the Thordarson Electric Mfg. Co. for constructing the 
necessary equipment. 


J. Douctas ForTuNE 


TABLE OF CONTENTS 


lah oieRs)— Introduction to Amateur Radio.............06.00erecvuee cece Page 5 


Amateur Radio as a Hobby — Short Waves — Amateur Bands — Typical Amateur Experiences — The 
Radio Spectrum — Limits of Amateur Bands. 


Bem mietel | :— Learnina the Code... :... 22. 2 ccc sce eevee veka sp cn eedevete: Page 10 


Code — Present Uses of Code — Amateur License — Learning the Code — Learning by Sounds — Team 
Work Practice — Study and Construction Schedule — Fundamental Theory — Electrons — Electron 
Flow-Current — Voltage — Resistance — Conductors — Insulators — Direct Current — Alternating 
Carrent — Frequency or Cycles — Action of Alternating Current — Diode Vacuum Tube — Action 
Within the Tube — Triode Vacuum Tube — Function of Grid — Voltages Applied to Tube Elements — 
Operation of Triode — Alternating Current Tubes — Hints in Working From the Schematic Drawing — 
Construction of the Code Oscillator — Tools Required for Construction — Parts Required — Mounting 
of Parts — Wiring Procedure — Testing the Oscillator — Hints on the Operation of the Code Oscillator 
— Sending — Receiving — Copying. 


CHAPTER III — Receiver Theory and Construction............0000e0eeee: Page 27 


Mechanical Features — Function ef Receiver — Nature of Radio Waves — Nature of Code Signals — 
Regeneration — Feedback Voltage — Detection — Formation of Audio Signal — Audio Amplifier — 
Action of Head Phones — Receiver Circuit — Action After Detection — Receiver Construction — Panel 
— Panel Assembly — Coil Data — 80 and 160 Meter Coils — Preliminary Testing — Tuning — Tank 
Condenser Settings. 


tae ER LV — Crystal Oscillator Transmitter............05e.00c+ seas eens Page 49 


The Transmitter — Wave Propagation — Essentials of the Transmitter — Oscillators — Crystal Oscillator 
— RF Crystal Current — Keying Methods — Where to Key — Key Click Filters — The Antenna — 
Antenna Length — Antenna Parts — Table of Antenna Dimensiens — Erection of Antenna — Construc- 
tion of the Crystal Oscillator Transmitter — Parts Required — Mounting of Parts — Wiring — Con- 
struction of the Power Supply — Parts Required — Mounting of Parts — Wiring — Operation of the 
Crystal Oscillator Transmitter — Coupling to Antenna — Power Supply Theory — Half-Wave Rectifier 
— Full-Wave Rectifier — Filters — Condenser Input Filter — Choke Input Filter — Condenser vs Choke 
Input — Bleeder Resistors — Regulation. 


ieee V — | wo-Stage Transmitter. 2% 02. cc:h aes ie cnc te oe eve bewt pees Page 73 


Advantages of Multi-Stage Transmitters — Description of the Two-Stage Transmitter — Operation of the 
Buffer Amplifier — Method of Obtaining Bias — Cathode Bias — Advantages and Disadvantages — Grid 
Leak Bias — Neutralizing — Parts Required — Mounting of Parts — Wiring — Coil Data — Tuning 
Procedure — Neutralizing Procedure. ; 


rete V1-— I hree-Stage. [ransmitter..3.....2.06.cces se ecccpeshevee ce Page 86 


General Description — Circuit Description — Operating Theory — Buffer-Doubler Stage — Frequency 
Multiplying — Split Stator Condenser — Advantages — Neutralizing with a Split Stator Condenser — 
Parts Required — Mounting of Parts — Wiring — Mounting of the Panel — Coil Data — Operation of 
the Three-Stage Transmitter — Coupling the Transmitter to the Doublet Antenna. 


CHAPTER VII — Construction of Modulator for Three-Stagé Transmitter. ..Page 108 


Phone Operation — Percentage of Modulation — Method of Applying Modulation — Detection for Phone 
Reception — Audio Power for Modulation — Modulator Essentials — Microphones — Speech Amplifier 
— Modulators — Resistance Coupled Audio Stage — Circuit Operation — Signal Voltage in Plate Circuit 
— Parts Required — Mounting of Parts — Wiring — Testing and Operating the Modulator — Assembly 
of Completed Phone Transmitter. 


ebrereeee V 111 — Reference Chapter... .. e+ 0ccceccmacece cascode estes. Page 125 


Resistance — Power — Resistor Uses — Resistor Ratings — Types of Resistors — Potentiometer — 
Inductance — Coils — Magnetic Induction — Inductance Henries — Transformer Principle — Types of 
Transformers — Capacity — Unit of Capacity — Types of Condensers — Condenser Ratings — Reso- 
nance or Tuning — Impedance of a Parallel Circuit — Tuning — RF Tank Circuit — Regeneration — 
Tube Types — Pentode — Beam Power Tube — Tube Properties — Amplification Factor — Plate Resis- 
tance — Classes of Amplifiers — Class A Amplifier — Class B Amplifier — Class AB Amplifier — Push- 
Pull Operation — Distortion — RF Amplifiers — Phase — Soldering Hints — Kinds of Solder — Oper- 
ating Procedure for CW Stations — CQ — Answering the CQ — Answering the Station — Testing Signals 
— Reporting on Signals — Q Signals — Abbreviations — Symbols. 


NOTE: The brands and types of parts specified throughout this book 


were used in the original laboratory models. Parts of equivalent 
quality may be substituted except where physical limitations prohibit. 


OnitnesAine 


GLE Carte Rel 


INTRODUCTION TO AMATEUR RADIO 


Amateur Radio as a Hobby — Amateur radio is the finest 
hobby in the world. It is a hobby which intrigues old 
and young alike, and one which affords unlimited enjoyment. 
The pursuit of a hobby such as amateur radio helps to shape 
character, instill self-confidence, encourage initiative, and 
provide interesting and educational occupation during 
leisure hours. The pride of ownership, the desire to experi- 
ment and improve, the longing to know “why,” are charac- 
teristic of the amateur with even the most modest equipment. 
In many cases amateur radio is the foundation of a radio 
career, and most of the leading radio executives and engi- 
neers of today trace their start to amateur radio. The 
possibilities of radio become unlimited as new fields em- 
bracing radio continue to unfold. Even though radio is not 
chosen as a career, amateur radio as a hobby will provide 
many thrilling experiences and exciting contacts with ama- 
teurs all over the world. 


Short Waves — Most people, accustomed to think of radio 
in terms of ordinary broadcast reception, do not realize the 
existance of another and vast radio world in the region of 
the short waves. Actually, only 2 per cent of the useful radio 
spectrum is employed by the broadcasting band. The 
remainder is a veritable beehive of activity occupied by 
police, aviation, marine, short wave broadcasting and ama- 
teur transmissions. For one accustomed only to the broad- 
cast band, delving into the short waves for the first time is 
like a trip to a new world: code messages flash back and 
forth, airplanes are heard communicating with airports, 
and foreign music comes riding over the ether from practi- 
cally every corner of the earth. 


ees 
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Amateur Bands — Here among the short waves in certain 
specified positions in the short wave spectrum are the most 
thrilling aspects of radio; for, in these specified. positions, 
called the “amateur bands,” is found amateur radio. The 
amateurs in these bands communicate with one another 
and with expeditions, handling messages of every type and 
description. Amateur radio is indeed full of thrills and 
adventure. Little does an amateur know, no matter where 
he may be, when or how he may be drawn into a stirring 
and exciting drama of fast moving events. 


Typical Amateur Experiences — Recently, a young Chicagoan 
was engaged in hunting caribou in the wilds of Alaska. 
Unknown to him, back home, his mother became des- 
perately ill. Her one last wish was to see her son. Due to 
the isolated region in which he was hunting the telephone 
and telegraph were of no avail. Somehow, members of his 
family were advised to make one final effort by enlisting 
the aid of amateur radio. An appeal was made to a Chicago 
amateur who in turn contacted an amateur in Alaska. The 
Alaskan arranged a schedule and the following day, through 
still another amateur, reached the son. He quickly re- 
turned to Chicago to fulfill his dying mother’s wish. 


Isolated regions are not the only ones which figure in 
these unexpected episodes. Right in the thick of busy cities, 
radio amateurs have suddenly found themselves to be the 
sole means of communication with the outside world. The 
devastating floods of the Ohio River valley in the spring 
of 1937 is an illustration of this. With telephone and tele- 
graph poles washed away, radio amateurs were the sole 
means of communication with the flooded areas. In local- 
ities in and around the stricken regions radio amateurs 
took turns maintaining continuous communication. Supplies 
and needs were arranged for, information concerning friends 
and relatives was passed back and forth, and innumerable 
other services rendered. 


These are only two of the many thousands of examples 
in which amateur radio has played a leading role. Year in 
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and year out since its beginning 
amateur radio has performed in- 
numerable services for thou- 
sands of people all over the 
world. The amateur performs 
these services in the pursuit of 
his hobby with no thought of 
remuneration. He operates his 
station for the sheer enjoyment 
of contacting other amateurs all 
over the world and for the satis- 
faction of conquering space and 
distance with his own equip- 
ment. There is probably no 
other hobby in the world which 
is as intriguing or one which 
appeals to people in every walk 
of life from kings to newsboys. 
Amateur radio is a common 
medium through which they 
meet and converse, discuss their 
circuits, their views, their mu- 
tual interests. An amateur in 
this country may talk to a ran- 
cher in Australia, a coffee plant- 
er in Brazil or a native of India. 
For the amateur, the world is 
truly at his finger tips. 


The Radio Spectrum — Amateur 
radio does not occupy the whole 
of the radio spectrum below the 
broadcast band. Actually, the 
amateurs are grouped together 
within certain specified bands of 
frequencies or wave lengths 
called the amateur bands. The 
relationship of these bands 
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with respect to the other radio services is shown in Fig. 1. 


These amateur bands exhibit vastly different transmission 
characteristics which make them desirable for long distance 
or local transmission by day or night. The 160 meter band, 
for instance, exhibits practically the same characteristics as 
the high frequency end of the broadcast band and it is ideal 
for short distances or local day and night transmission, with 
night transmission being somewhat better. The 80 meter 
band, on the other hand, is excellent for medium distances 
up to 1000 miles and it is most effective at night. The 40 
meter band has been very popular with a great many ama- 
teurs for a number of years. It is mostly a night band and it 
is used for long distance work and contacts with foreign 
countries and for coast-to-coast work. This band, however, 
exhibits the peculiar characteristic of “‘skip’’ which is more 
fully described in Chapter IV. The 20 meter band is prob- 
ably the best for consistent long distance transmission. This 
band exhibits “skip’’ to a more marked degree than the 40 
meter band. It is entirely possible, depending on the season 
of the year and the time of the day, to work any place in the 
world on this band. The operation of the 10 meter band is 
rather unpredictable since at times it exhibits the long dis- 
tance characteristics of the 20 meter band and at times it is 
confined strictly to local work. The “skip” on this band is 
considerably more pronounced than that on either 40 or 20 
and at times it is so long that transmission is restricted to 
local work only. On the other hand, when the “skip” shortens 
it is an excellent band for long distance communication. 
“Skip” is so long on 5 meters that this band is used for local 
transmission only. 


Limits of Amateur Bands — The amateur bands as well as 
the frequency limits of each band are listed below. 


160 meters........ 1,715 — 2,000 Ke. 
80 meters........ 3,500 — 4,000 Ke. 
40 meters....:... 7,000 — 7,300 Ke. 
POEMECLCTS vane 14,000 — 14,400 Kc. 
TOSIeterS cee 28,000 — 30,000 Kc. 


Semeters- 56,000 — 60,000 Ke. 
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All amateur bands are open to code (CW) operation 
although phone 1s permitted in certain sections of all but 
the 40 meter band. The phone bands are as follows: 


MOWEINICLCI S002 tee 1,800 — 2,000 Kc. 
COEMetersa.. 4; 3,900 — 4,000 Ke. (restricted) 
FEUSTIVC LOLS ieee) <5 No phone band 
DUimeterss2 - ec. 14,150 — 14,250 Ke. (restricted) 
LOimeters..£. 5. 51). 28,500 — 30,000 Kc. 

BEIOLCIS* =. Entire band 


Phone operation in the 80 and 20 meter bands is restricted 
to those operators having a Class A license which may be 
obtained after an operating period of one year and on the 
completion of a special theory examination. 


CHAPTER II | 
LEARNING THE CODE 


Code — Before the days of broadcasting as we know it, all 
radio communication was carried on in code. Although the 
use of code was necessitated primarily by the type of trans- 
mitting equipment then in use, this was a happy accident 
since code is still considered the best means of communica- 
tion for accuracy and speed. 

Code is nothing more or less than the transmission of 
intelligence by combinations of dots and dashes which form 
letters of the alphabet. Of the two types of code, Morse and 
Continental, the latter is used exclusively in radio work and 
with it communication may be carried on in any language. 
Amateurs also use the code in combination with abbrevia- 
tions called the Q signals* which may be considered an 
international language. By means of the Q signals it is thus 
possible to carry on a limited conversation with an amateur 
in any part of the world. 


Present Uses of Code — At the present time press reports 
and cables are still carried on in code which has been found 
to be much more accurate for this purpose than phone. 
Because of its advantages the amateur has continued to use 
code and many amateurs prefer it to phone. Code is infi- 
nitely more exclusive and thrilling: it requires some measure 
of skill and practice whereas no special technique is required 
for phone operation. The beginner should concentrate on 
the use of code since the code transmitter is simpler and 
more easily constructed; it is less expensive, and greater 
distances can be covered with a given amount of transmitter 
power. 


Amateur License — To enjoy the privileges of amateur radio, 
it is first necessary to pass an examination given by the 
* List of Q signals on Page 150. 
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Federal Communications Commission. This examination 
consists of two parts: the code examination and the theory 
examination. The required code speed is but 13 five-letter 
words or the equivalent of 65 code characters per minute. 
The theory portion of the examination consists of-questions 
regarding radio laws and the theory and operation of radio 
transmitters and receivers. This theory examination is not 
at all difficult, and after carefully reading this Guide the 
reader, even though he has had no previous radio experience, 
should have no difficulty in passing the examination. A 
group of typical examination questions and answers is given 
in the booklet, ““The Radio Amateur’s License Manual” 
published by the American Radio Relay League. The book- 
let also contains the laws and regulations governing amateur 
radio. It is recommended that this booklet be read before 
applying for a license. 


Learning The Code — Learning the code is the logical start 
in amateur radio. Briefly, there are three steps in mastering 
the code: | 


1. Memorize the symbols. 
2. Practice on a code oscillator. 
3. Copy actual messages on a receiver. 


The code alphabet is given here as the first step. 


Ace M -- Yor - eae nee Period 

Dees  N —- Lmmse ceommeos Interrogation 

C---- O--- le---- <=... - Break (Double Dash) 
iD} =i isentaice: 155) % fal a toehet) Miottnke'vele Wait 

OEE Q---+- Seee-=- wanes Eind of Message (AR) 
F.ee--- R--- Aeeeem seems - End of Transmission (SK) 
G-=--+ See. i Parenthesis 

H.---- T- Gases e emeene Quotation Marks 
I.. Uh a Gf a SS te SOO Ot Error (Erase) 
oe ee Se Sree hae a Are Colon 

a cea! ANS Se Oe aoe Comma 


Lemce Keoe= Yee aee= neuen Semicolon 


AMATEUR Rapio — A BEGINNERS GUIDE 


It is also listed below in easily memorized groups which may 
be learned, group by group. 


-E ST). Al ce oly one Cline ew Nitee ce ae 
te Toy mcm M ee one Wiles ote Val ot 7 fae ok 1) 1c tere ae 
pee eee () | cs eee] omin ¢ Plas s «Bl ie c.e 1s) ee 
ar Raper 

=e 


Learning By Sounds — DO NOT MEMORIZE OR VISU- 
ALIZE THE CODE IN TERMS OF SO MANY DOTS 
AND DASHES BUT MEMORIZE IT BY ASSOCI- 
ATING EACH CHARACTER WITH A GIVEN SOUND 
— WITH A “DIT” FOR A DOT AND A “DAH” FOR 
A DASH. As for example, “dit-dah” for the letter A and 
“dit-dah-dah”’ for the letter W. This is extremely impor- 
tant and if the code is once memorized in this manner it will 
be quickly and easily mastered. By thus learning the code 
a given sound or combination of sounds immediately sug- 
gests the character to the mind. While learning, it is helpful 
during leisure time to practice on letters and words on 
signs and in newspapers. 


Team Work Practice — The simplest way to learn the code 
is to do so by means of a code oscillator with someone else 
who is also learning. In this way both the reception and 
_ the transmission of code are more quickly learned. While 
receiving code from someone else, the letters are not known 
before hand as is the case when one individual sends to him- 
self. If someone else cannot be found the beginner should 
familiarize himself with the sounds by means of a code 
oscillator and afterwards obtain practice by listening to 
actual signals on a short wave receiver. Hints on the correct 
procedure to follow in copying and sending code are given 
at the end of this chapter following the construction of the 
code oscillator. 
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Study and Construction Schedule — While the code is being 
memorized, the reader may also construct the code oscillator. 
Most of the parts used in the code oscillator are later re- 
quired in the construction of the receiver. The code oscil- 
lator may be built first and the same parts used afterward 
in the receiver so that these parts will not have to be dis- 
carded. During the construction of the code oscillator the 
reader may be studying the receiver theory and during the 
construction of the receiver, the transmitter theory, so that 
a well organized and balanced schedule may be arranged. 
This Guide is so arranged that the required theory is pre- 
sented in easy steps as the chapters progress. 


Fundamental Theory 


Before work is started on the construction of the code 
oscillator a few fundamental facts regarding the nature of 
electricity in general should be understood. Although 
electricity is not a concrete substance in the sense that it 
may be handled and seen, a few introductory remarks will 
enable the reader to obtain some idea of just how it behaves. 
This will help greatly in the construction work by enabling 
the reader to visualize the operation of the circuits. 


ELECTRONS 


Fig. 2. Molecule System 


Electrons — All substances are made up of molecules, each 
of which is composed of a proton and a number of electrons. 
Each molecule has a proton or positive (+) electrical charge 
as the center and smaller electrons or negative (—) charges 
which revolve about the proton as do the planets about the 
sun. The “‘molecule system”’ is illustrated in Fig. 2. 
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Electron Flow-Current — Under certain conditions some of 
the electrons are driven from their own system to another, 
thus forcing electrons out of neighboring systems. A general 
electron movement thus takes place from one end of the 
substance to the other. This movement of electrons is an 
electric CURRENT which flows like a stream. The unit of 
current is the AMPERE and is represented by the letter I. 


Voltage — Electrons flow only when electrical pressure or 
force is exerted upon them. Electrical pressure or force is 
known as ELECTROMOTIVE FORCE, the unit of which 
is the VOLT. The ordinary battery cell, no matter how 
large, develops a voltage of from 1.5 to 2 volts. The usual 
house lighting circuit has a voltage of 115 volts. 


Resistance — Molecules differ in the number of electrons in 
their systems and the circular orbits in which they revolve. 
Due to the force of attraction between the electrons and the 
proton, substances (molecules) differ in the amount of pres- 
sure or voltage required to force electrons from one system 
to another. This opposition or resistance to current flow 
upon application of electrical pressure or voltage is known 
as RESISTANCE. The unit of resistance is the OHM 
and is represented by the letter R. One pound, or about 
150 feet of No. 18 copper bell wire, has a resistancemman 
about one ohm. 


Conductors — Substances which offer low resistance are 
known as CONDUCTORS. All metals, to a more or less 
marked degree, are conductors of electricity. Those offering 
the least resistance are gold, silver, copper and aluminum. 
Copper is used almost exclusively for wire since it is plentiful 
and inexpensive. It is easily drawn into wire and is readily 
soldered. 


Insulators — Different substances range from good conductors 
to fair and poor. That is, some offer low resistance, and 
others very high resistance to current flow. A few sub- 


* Additional information on Resistance Page 125. 
tans 
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stances, such as rubber, bakelite, glass, porcelain, shellac, 
varnish and paraffin, offer such high resistance to the flow 
of electrons that they are known as INSULATORS. These 


substances are used for supporting or insulating conducting 
wires. 


Types of Current 


Direct Current — There are two principal types of current: 
direct current and alternating current. The battery shown 
in Fig. 3 forces the electrons through the light bulb 2m the 
same direction continuously so long as the circuit is complete. 


This type of current is known as DIRECT CURRENT or 
DiC. 
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Fig. 3. Direct Current 


Alternating Current — A switching arrangement may be in- 
serted in this D.C. circuit whereby the current flows first 
in one direction through the bulb and then in the reverse 
direction, and again in the first direction, and so on repeat- 
edly. In this case the current flows alternately 1n each 
direction through the circuit. It is thus known as ALTER- 
NATING CURRENT or A.C. 


Frequency or Cycles — Ordinary house lighting current makes 
60 complete reversals every second. Each complete reversal 
is known as a cycle, hence, our lighting current is known as 
60 cycle A.C. House lighting currents are not produced 
from batteries but from huge alternating generators. 


Action of Alternating Current — One wire of an A.C. circuit 
is alternately positive and negative with respect to the other 
Be Sie 
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wire, and in this way it differs from direct current, one wire 
of which is always positive with respect to the other. The 
change of the A.C. voltage follows a definite wave form or 
sine wave. The voltage on one wire builds up from zero to 
a plus value, decreases to zero and builds up to a negative 
value and again decreases to zero. The change in voltage 
is illustrated in Fig. 4 which shows the wave form for 60 
cycles. A complete reversal of polarity occurs 60 times 
each second or the time of one reversal is 1/60th of a second. 
The voltage thus rises from zero to maximum in 1/240th 
of a second. 


60 
(1 cYcLe) 
Fig. 4. Sine Wave 


Vacuum Tubes 


The preceeding theory enables the reader to take up the 
study of the action which takes place in vacuum tubes and 
their circuits. He shall then be able to understand more 
fully the construction, wiring and operation of the code 
oscillator. 


Diode Vacuum Tube — The simplest tube is one which has 
a fine wire FILAMENT or electron emitter and a strip of 
thin metal known as the PLATE. These elements are sup- 
ported in a glass bulb from which the air has been evacuated. 
Connections to the filament and the plate are brought out 
through air-tight seals to terminal pins below the base of the 
tube. 


a Ge 


LEARNING THE CODE 


Fig. 5 shows the symbol of such a tube as used in circuit 
diagrams. 
PLATE 7VACUUM TUBE 


FILAMENT 


"B- BATTERY 


Fig. 5. Diode Vacuum Tube 


Each battery is shown in symbols also. One short line 
and one long line represent one battery cell. The symbol for 
the “B” battery shows two cells on each side of a row of 
dashes. This symbol is used to represent a battery of many 
cells. 


Action Within the Tube — The filament is heated by the 
current flowing through it from the “A” battery. When 
such a filament is heated in a vacuum electrons shoot off 
from the surface of the filament. The positive terminal of 
the plate circuit battery, called the “B”’ battery, is connected 
to the plate making the plate positive with respect to the 
filament. ‘This positive charge on the plate attracts the 
negative electrons thrown off by the filament. There is thus 
a stream of electrons from the filament to the plate, through 
the “B” battery and back to the filament. ‘There is no 
electron flow, however, when the negative terminal instead 
of the positive terminal of the “B” battery is connected to 
the plate, since the negative plate would repel the electrons. 
The vacuum tube acts much like a one-way valve allowing 
electron flow in one direction, filament to plate. This type 
of tube is known as a DIODE meaning two-electrode (fila- 
ment and plate). Diodes are used primarily as rectifiers.* 


* Additional information on Rectifiers Page 69, 
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Triode Vacuum Tube — The effectiveness of the DIODE is 
improved by the addition of a third electrode in the form 
of a grill or GRID between the filament and the plate. Fig.6 
illustrates the action of the TRIODE, or three-electrode 
tube. 


Fig. 6 Triode Vacuum Tube 


Function of Grid — The grid of a vacuum tube acts more or 
less as a valve to control the amount of current flow from 
the filament to the plate. In Fig. 5 the amount of plate 
current flow was determined by the amount of “B” battery 
voltage and by the temperature of the filament. In the 
triode, however, the voltage of the grid with respect to the 
filament, as well as these other factors, determines the plate 
current flow. Relatively small changes in grid voltage cause 
comparatively large changes in plate current so that a triode 
may be looked upon as an amplifier wherein a small control 
voltage applied to the grid produces a comparatively large 
change in plate current. The more negative the grid with 
respect to the filament (more “C” battery voltage) the more 
it repels the electrons and the less the plate current flow. 


Voltages Applied to Tube Elements — Essentially there are 
three sources of voltage in a circuit using a triode: the grid 
voltage, the filament voltage and the plate voltage. The grid 
is always operated in such a way that it is negative with 
respect to the filament. There is thus no current flow in the 
grid circuit unless the grid becomes positive with respect to 
the filament. 
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Fig. 7. Elementary Radio Circuit 


Operation of Triode — The basic purpose of the triode in a 
radio circuit is to amplify an A.C. voltage. The operating 
position of the triode in an elementary radio circuit is shown 
in Fig. 7. The A.C. signal to be amplified is applied between 
the grid and filament in series with the “‘C” battery. The 
operation of the circuit is shown more clearly in Fig. 8. The 
normal grid voltage EF, of the “C” battery determines the 
steady plate current of I. 
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Fig. 8 


The A.C. voltage Ec to be amplified is superimposed 
upon E. At the peak of the negative swing the negative grid 
voltage increases from E to E + Ec and the plate current 
decreases from I to I[- Ip. On the positive swing the bias* 
decreases to E — Ec and the plate current increases to 
I + Ip. The progressive steps may be followed by the 
corresponding letters on the two wave forms. The potential 
on the grid is thus varied positively and negatively with 
* Additional information on Bias Page 75, 
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respect to its normal state. This variation causes the plate 
current to vary in exact accordance with the voltage on the 
grid. The varying current through R in Fig. 7 develops an 
A.C. voltage which is usually several times greater than 
the A.C. voltage applied to the grid. ‘The resistor in the 
plate circuit of Fig. 7 may also be an inductance or a tuned 
circuit depending upon the type of amplifier in which the 
tube is used. 


Alternating Current Tubes — Actually, the filament of a tube 
may be heated by either alternating current or direct current. 
However, alternating current tubes are constructed some- 
what differently to eliminate hum. In alternating current 
tubes the electron emitter or cathode is heated indirectly 
by alternating current. In Fig. 9 the alternating current 


PLATE 


GRID 
CATHODE 


FILAMENT 


OR HEATER 
Fig. 9 Heater Type Tube 


on flowing through the heater element heats the cathode 
to the point that electrons are emitted from the cathode. 
There is no electrical connection between the alternating 
current in the heater winding and the cathode. The cathode 
in alternating current tubes replaces the filament of battery 


tubes. 
Code Oscillator 


The fundamental theory given in the previous pages will 
enable the reader to proceed with the construction of the 
code oscillator. A photograph of this device is shown in 
Fig. 10. Since the code oscillator is by its very nature a more 
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Fig. 10 Code Oscillator 


or less temporary piece of equipment, it is built “bread- 
board” style. A pictorial diagram of the circuit 1s shown in 
Fig. 11. This diagram, although at first glance seemingly 
clearer than the schematic drawing, Fig. 12, is rather difh- 
cult to work from, since the diagram depends upon the 
physical appearance of the component parts. The schematic 
diagram uses various standardized symbols* which do not 
in any way vary with the physical appearance of the parts. 
Schematic diagrams are invariably used in wiring and 
building radio units. 


To familiarize the reader with the schematic diagram, the 
equivalent parts of both the schematic, Fig. 12 and the 
pictorial diagram, Fig. 11, are enclosed by the same type of 
dotted line. The schematic diagram of the audio trans- 
former |-1, for instance, indicates a transformer with two 


* List of symbols Page 154, 
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Fig. 11. Pictorial Circuit Diagram 


windings and an iron core, the iron core being designated 
by the straight lines between the windings. Similarly the 
filament transformer indicates an iron core transformer with 
two windings. 


Hints in Working from the Schematic Drawing — The wiring of 
the code oscillator is given, wire for wire, in the following 
paragraphs. In wiring, each operation should be checked 
against the schematic diagram in order for the reader to 
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Fig. 12. Schematic Circuit Diagram 


PARTS LIST ON SCHEMATIC DIAGRAM 
Thordarson Transformers Resistor and Condenser 


Diagram No. Type No. 


T-1 T-13A34 R 100,000 Ohm % Watt IRC or Equivalent.*7 77425; 
T-2 T-19F81 C .01 Mfd. Condenser Aerovox 484 or Equivalent. 
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familiarize himself with this type of drawing. If necessary, 
he may also refer to the corresponding pictorial diagram. In 
this chapter the pictorial diagram is given to provide a 
direct tie-in to the schematic diagram, thus enabling the 
reader to use the schematic diagram in the following chapters. 


Construction of the Code Oscillator 


Tools Required for Construction — The construction of the 
code oscillator is extremely simple. The only tools required 
are an electric soldering iron, a pair of long nose pliers and 
a screw driver. The soldering iront should be of the average 
100 watt size since it may be used later for heavier work. 


Parts Required — The following parts are required to con- 
struct the code oscillator: 


Thordarson T-19F81 filament transformer. 
Thordarson T-13A34 audio transformer. 

Burgess No. 5360 4.5 volt “C”’ battery. 

100,000 ohm 1 watt resistor IRC or equiv. 

01 Microfarad condenser* Aerovox 484 or equiv. 
Type 76 tube, RCA or equiv. 

Wood baseboard 10” x 6” x 34”. 

A.C, (6 foot) line cord and plug. 

5 prong socket American Phenolic RS-5 or equiv. 
Pair headphones (numerous types on market). 
Telegraph Key (numerous types on market). 
Fahnestock clips. 

Round Head 14” wood screws. 

Round Head 114” wood screws. 

Solder lugs. 

34” brass bushings for mounting socket. 

Resistor strip for fastening one end of R and C, Cinch No. 1510. 
20 Feet of solid hook-up wire. 


—" 
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Mounting of Parts — The wood baseboard should be squared 
up and the various parts mounted with wood screws as 
shown in the photograph, Fig. 10. The Thordarson fila- 
ment transformer T-19F81, (T-2) is mounted on the right 
and the Thordarson audio transformer T-13A34, (T-1) on 
the left, as shown. The tube socket is mounted between 
the two transformers on two 34” bushings. Six Fahnestock 
clips are mounted as shown for the “C”’ battery, key and 


* Additional information on Condensers Page 132. 
+ Hints on Soldering Page 147. 
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Fig. 13 


phones. Regular solder lugs should be placed under the 
screws used to fasten the Fahnestock clips to the baseboard. 


For convenience in wiring, each of the following wiring 
operations may be checked as the wiring progresses. 


Wiring Procedure — Wiring may start by connecting the 
primary (black wires) of the filament transformer T-2 to the 
A.C. line cord and plug. The joints should be carefully taped 
or a piece of varnished tubing slipped over the connections. 
To relieve strain from the transformer leads the A.C. cord 
should be knotted and placed under a small clamp. The 
yellow secondary leads of T-2 connect to pins 1 and 5 which 
are the heater prongs of the socket. The green and yellow 
center tap connects to Fahnestock clip 1. Similarly, the black 
lead of the audio transformer T-1 connects to clip 1 as well 
as to the cathode (pin 4) of the socket. Clip 2 connects to 
clip 3. Similarly clip 4 connects to clip 5. Clip 6 connects to 
the red primary lead of T-1. The blue lead of T-1 connects 
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to the plate prong (pin 2) of the socket. The ends of C and 
R are twisted together and one end connected to the grid 
(pin 3) of the socket. The other end of C and R is connected 
to the green lead of I-1 at the resistor mounting strip. The 
wiring of the code oscillator has now been completed. The 
Burgess 4.5 volt “C”’ battery connects to clips 1 and 2, the 
phones to clips 5 and 6 and the key to clips 3 and 4. In 
connecting the “C’’ battery the correct polarity must be 
observed, the plus or positive terminal is connected to clip 2. 


Testing the Oscillator — After all connections have been made 
and checked against both the schematic and the pictorial 
diagrams, the tube may be placed in the socket and the line 
cord plugged into a regular A.C. receptacle. After approxi- 
mately 30 seconds, required to warm up the cathode, the 
oscillator should be ready to operate. When the key is 
closed the sound heard in the phones is a shrill note which 
very closely approximates that of actual code signals. If 
after completion of the oscillator wiring, the oscillator does 
not operate when the key is pressed, the blue and red leads 
of the primary should be reversed. 


Hints on the Operation of the Code Oscillator 


Sending — In sending code the key should be fastened firmly 
to the table and so placed that the whole forearm rests 
comfortably on the table. The key knob should be lightly 
grasped between the thumb and second finger with the index 
finger on top of the knob. The key should be held lightly 
and sending accomplished by wrist motion only: the fore- 
arm should not be moved. The key adjustment should be 
set for a movement of about 1/16th of an inch at the knob. 
This, however, may be changed afterward to suit the indivi- 
dual. Too much spring tension is not desirable since this 
makes sending laborious and tiring. 

SEND SLOWLY UNTIL CODE SPEED IS AUTO- 
MATICALLY ACQUIRED. Particular attention should 
be given to spacing; a space between letters should be as 
long as a dash, and a dash three times as long as a dot. The 
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beginner should from the start concentrate on accuracy and 
uniformity rather than speed which invariably results in 
jerky sending. 


Receiving — As previously pointed out, the best way to learn 
code is with someone else who is also learning. However, 
if this is not possible, the reader may familiarize himself with 
the various code sounds by sending to himself. Under no 
condition should the code be written down as so many dots 
and dashes. If, however, the code has been memorized 
correctly, as previously pointed out, this trouble will not be 
experienced and the code sounds will automatically suggest 
the letters to the mind. 


Copying — At first, as might be expected, the beginner will 
miss a great number of letters. This is only natural and it 
should not result in discouragement. While copying, it 1s 
important not to take time to reflect on a letter which may 
be missed since this short pause causes confusion and results 
in the omission of the letters immediately following. As a 
letter is missed it should be immediately forgotten and the 
copying continued. In copying it 1s helpful to “copy behind”’ 
in much the same way that the eye follows in reading a book. 
The impression on the brain may lag the eye by a single 
word, or by a few words, or by a whole line, depending upon 
the individual. In much the same way in copying code the 
letters are not written down as they are heard but “copied 
behind” by one, two, or more letters. 


If the beginner must send code to himself, the best pro- 
cedure to follow in order to obtain real code practice is to 
listen to actual signals on a short wave receiver. While 
copying signals on tle receiver it is helpful to select a code 
speed somewhat faster than that which can be received 
perfectly, remembering, however, that time should not be 
taken to reflect on a letter which has been missed. From 10 
to 30 minutes is the proper copying time. Longer periods 
may tend to be tedious. 
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CHAPTER II 


RECEIVER THEORY AND 
CONSTRUCTION 


After the code oscillator has been completed and some 
code practice obtained, the next step is the construction of 
the receiver. Since some of the code oscillator parts are used 
in the receiver construction, the code sounds should be well 
learned before the code oscillator is dismantled. Real code 
speed, however, is developed by actually listening on the 
receiver. If the reader does not feel as familiar with the 
code as he would like to be, receiver construction may be 
started and the code oscillator parts wired in later. 


Mechanical Features — The two tube receiver about to be 
described was selected from the standpoint of simplicity, 
low cost and all around performance on all bands. Due to 
its temporary purpose the code oscillator was built on a 
baseboard. The receiver, however, introduces the chassis 
type of construction which is a more permanent form. 
Before starting construction of the receiver it may be well 
to give a general description of it and also some general 
theory concerning the transmission and reception of radio 
waves. 


Function of Receiver — Briefly, a radio receiver is a device 
for detecting radio waves and converting them to audible 
signals. A complete receiving station may consist of an 
antenna, a detector and a pair of headphones. The function 
of the antenna is to pick up a part of the energy radiated 
from the transmitting station in the form of radio waves. 
This signal is then amplified and converted to an audible 
signal by the detector and headphones. It is sometimes 
advantageous to insert an audio amplifier between the detec- 
tor and headphones which is done in this receiver to increase 
the volume of incoming signals. 
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Nature of Radio Waves — A radio transmitter sets up oscilla- 
tions or radio waves in the ether, so called for want of a 
better method of explaining the transmission of light and 
radio waves. These radio waves expand in ever widening 
circles or spheres from the transmitting station with the 
speed of light. This velocity is 186,000 miles or 300,000,000 
meters per second (1 meter is 39.37 inches). If 1,000,000 
waves were sent outward from an antenna each second, the 
first wave would have traveled 300,000,000 meters by the 
time the last wave is sent from the antenna. The 1,000,000 — 
waves are thus distributed over 300,000,000 meters and the 
wave length or distance from one wave to another is 300,- 
000,000 divided by 1,000,000 or 300 meters. In this case the 
frequency is 1,000,000 cycles or 1,000 kilocycles per second 
(1 kilocycle is 1,000 cycles). 


Nature of Code Signals — A code signal is nothing more or 
less than a train of radio waves, which train is broken sys- 
tematically to transmit intelligence. As indicated above the 
frequency of radio oscillation is extremely high and, as such, 
could not be heard by the human ear which has a hearing 
range of from 30 to 16,000 cycles per second. The purpose 
of the code receiver, then, is to convert the extremely high 
radio frequencies to audible frequencies, preferably in the 
neighborhood of 1,000 cycles which is the frequency of maxi- 
mum hearing intensity of the ear. To do this the detector in 
the receiver acts as a small transmitting station which 
oscillates or generates a frequency very close to the frequency 
of the signal which is being received. If the incoming signal 
is 7,000,000 cycles per second and if the detector oscillates 
at 6,999,000 cycles the difference between the two is 1,000 
cycles which falls within the hearing range. In order to 
receive code signals it is absolutely necessary to develop 
the local frequency in the receiver which beats with the 
incoming signal to produce an audible note. 


Fig. 14 shows in a simplified way the relationship between 
the transmitter and receiver. The code transmitter sends 
~OR is 
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as already explained. This audio frequency is further ampli- 
fied or increased by the audio amplifier and converted to 
actual sounds by the headphones. 


Fig. 14 


Regeneration — The purpose of regeneration in the receiver 
circuit is to cause the detector to oscillate. If a portion of 
the output voltage of a circuit is fed back to the input in 
such a way as to increase the original output, regeneration 
or oscillation results. A regenerative circuit such as the one 
used in the receiver greatly increases the gain* of the stage. 
The voltage fed back from the plate circuit to the grid cir- 
cuit must have a polarity such that the original grid voltage 
is increased. This increased grid voltage increases the plate 
voltage which in turn increases the feedback voltage and 
the entire cycle is thus repeated. In addition to the feedback 
voltage it is necessary that the tube in the oscillating circuit 
have a certain amount of gain. If the feedback voltage is 
not sufficient or if the gain is too low oscillation will not 
result. 


Feedback Voltage — Feedback may occur in a number of 
ways, two of which are shown in Fig. 15. It will be noted 
that the heavy arrow indicating the feedback voltage always 


* Additional information on Gain Page 114. 
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“B" BAT. “B" BAT. 
Fig. ISA Feedback Circuits Fig. 15B 


points in the same direction as the arrow indicating grid 
voltage, so that the feedback voltage is added to the original 
grid voltage. The receiver uses the circuit of Fig. 15A in 
which feedback is accomplished by the plate current which 
flows through a portion AB of the grid coil. This type of 
regeneration is very stable and is controlled by the potentio- 
meter* which varies the screen grid voltage of the detector 
tube. This screen grid tubef is somewhat different from 
the triode already described in that it has another element 
called the scr'en. The voltage of the screen is positive with 
respect to the cathode and determines the plate current of 
the tube thus providing a convenient method of controlling 
the gain of the tube and hence regeneration. 


Fig. 16 Detector Action 


Detection — The type of detection used in the receiver is 
called grid leak detection. In the circuit of Fig. 16 the radio 


* Additional information on Potentiometers Page 126. 
7 Additional information on Screen Grid Tubes Page 139. 
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frequency (RF) signal voltage across the coil and condenser 
Causes a current to flow in the grid circuit as indicated by 
the arrow. So far as the grid circuit is concerned the plate 
may be disregarded and the grid and cathode considered a 
diode. This grid current which flows only on the positive 
half of the cycle when the grid is positive with respect to 
the cathode, develops a voltage or bias across the grid leak 
R. This bias is negative at the grid end and positive at the 
cathode. Now considering the tube as a triode this bias 
decreases the plate current. The amount of bias depends 
upon the amplitude of the applied RF signal voltage which 
in turn determines the decrease in plate current. 


Formation of Audio Signal — If the bias across the grid leak 
were to change at an audible rate the plate current would 
also vary at the same rate and an audio signal would be 
developed in the plate circuit. In the regenerative detector, 
such as the one used on the receiver, the tube both oscillates 
and detects at the same time. The resultant signal on the 
grid is the difference between the RF signal frequency and 
the frequency generated by oscillation. For example, if the 
received signal is 7,000,000 cycles and if the tube oscillates 
at 6,999,000 cycles the resultant signal would be the differ- 
ence, or 1,000 cycles. This difference of 1,000 cycles falls 
within the audible range. 


The combination of two different frequencies to produce 
a beat note is illustrated in Fig. 17. If the time is taken as 
1/100th of a second, the frequency of the top wave, A, is 
400 cycles. Similarly the lower wave, B, has a frequency of 
200 cycles. These two waves are combined to form the lower 
wave, C. Point a" of C, for instance, consists of a! of B and 
a of A. It will be noted that the amplitude of C rises and 
falls twice in the time of 1/100th of a second. In other words, 
the frequency of the rise and fall of C is twice each 1/100th 
of a second or 200 times per second. This corresponds to 
the difference between 400 and 200 cycles. Thus, referring 
again to Fig. 16, the bias developed across R rises and falls 
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at a rate equal to the difference between the signal fre- 
quency and the oscillating frequency. Thus the plate 
current varies accordingly to produce an audible signal. 


1 
inp SEC. 


Fig. 17 Formation of Beat Note 


Audio Amplifier — The second section of the receiver con- 
sists of the audio amplifier.* It has been shown that an audio 
signal is developed across the plate circuit of the detector. 
This audio voltage consists essentially of an A.C. audio 
voltage which is superimposed upon the D.C. voltage of 
the detector. It is pointed out that an alternating current 


* Additional information on Audio Amplifiers Page 112. 
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can flow through a condenser* whereas direct current can- 
not. The A.C. audio voltage across the detector plate circuit 
is thus applied to the grid of the 76 amplifier through a 
condenser C-8 as shown in Fig. 18. This A.C. voltage on the 
grid of the 76 amplifier tube varies the plate current as 
pointed out in the previous chapter on tube operation. 


AUDIO 
SIGNAL FROM 
DETECTOR 


Fig. 18 Audio Amplifier 


Action of Head Phones — The head phones are placed in 
the plate circuit of the 76 and the steady plate current flow 
through the phones draws in the diaphragm to a fixed posi- 
tion. The required movement of the diaphragm to produce 
sound is caused by the pulsating direct current flow in the 
plate circuit. The necessary bias for the 76 tube is developed 
across the resistor R-5 by virtue of the plate current which 
flows from the plate supply through the tube and back to 
the negative terminal of the “B” battery. The polarity of 
the bias is thus positive at the cathode and negative at the 
grid which connects to the negative end of R-5 through R-4. 


Receiver Circuit 


Referring to the receiver circuit diagram Fig. 23, page 40, 
it may be seen that the signal is impressed across the grid 
circuit from the antenna. The secondary of the grid coil L-2 
is tuned to resonance with the incoming signal by means of 


* Additional information on Condensers Page 132. 
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the variable condensers C-2 and C-3. Resonance* may be 
compared to sympathetic vibration in much the same 
manner that a piano string may be set into vibration by a 
musical note having the same frequency as that of the piano 
string. In just the same way, even though the antenna is 
being cut by a number of different radio waves, the detector 
will respond only to the one to which the circuit is tuned. 


Action After Detection — The detector is made to oscillate 
by the setting of R-2, and the resultant beat note as an 
audio signal is developed across the transformer T-2 the 
windings of which are connected to form a choke. In order 
to remove all traces of RF from the plate circuit and thus 
prevent squealing, the radio frequency choke RFC-1 in 
conjunction with C-6 and C-7 is placed in the detector plate 
circuit. The audio signal is impressed upon the 76 grid 
through the coupling condenser C-8 and the audio signal is 
developed in the plate circuit of the 76. In this circuit the 
phones are not placed directly in the plate circuit. ‘The 
plate current of the 76 flows through resistor R-6 and the 
audio voltage across this resistor is impressed upon the 
phones through condenser C-10. 

Plate voltage for the receiver is obtained from an A.C. 
power supply, the principles. of which are more fully de- 
scribed in the chapter on the crystal oscillator transmitter. 


Construction of Receiver 


Parts Required — The following parts are required to construct the 
receiver: 

1 Thordarson T-13R19 power transformer. 

2 Thordarson T-13C26 filter chokes. 

1 Thordarson T-13A34 audio transformer.f 

1 Type 80 tube. 

1 Type 76 tube.t 

1 Type 6D6 tube. 

1 3 megohm 14 watt carbon resistor, Centralab or equiv. 


1 5000 ohm potentiometer with SPST switch, Centralab No. 72-103 


with switch or equiv. 
1 50,000 ohm 1 watt carbon resistor, Centralab or equiv. 


* Additional information on Resonance Page 135. 
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PARTS REQUIRED (Continued) 


250,000 ohm 14 watt carbon resistor, Centralab or equiv. 

ia 000 ohm 1 watt carbon resistor, Centralab or equiv. 

20, 000 ohm 1 watt carbon resistor, Centralab or equiv. 

Trimmer condenser, Hammarlund type BBT-70 or equiv. 
Variable condenser, National type E-X-140 or equiv. 

Variable condenser, National type EX-35 or equiv. 

.0001 Mfd. Mica condensers, 500 volt, Aerovox type 1467 or 
equiv. 

.0001 Mica condenser 500 volt Aerovox type 1468 or equiv. 

.5 Mfd. 200 volt paper tubular condenser, Aerovox 284 or equiv. 
.1 Mfd. 400 volt paper tubular condensers, Aerovox 484 or equiv. 
Triple 8 Mfd. 450 volt dry electrolytic condenser, Aerovox type 
PBS-450 or equiv. 

Chassis base, 7” x 7” x 2”, Par-Metal No. B-4510 or equiv. 

Steel cabinet for chassis base, 7” high x 8” long x 8” deep, Par- 
Metal HC-788 or equiv. 

RF choke, National type R-100 or equiv. 

Line cord and plug. 

4 prong socket, Amphenol S4 or equiv. 

5 prong socket, Amphenol $57 or equiv. 

6 prong socket, Amphenol S6 or equiv. 

Pair Headphones. 

Headphone jack, open circuit, Yaxley No. 701 or equiv. 

Phone plug, Yaxley No. 75 or equiv. 

Vernier Dial, 3” Kurz-Kasch or‘ equiv. 

Volume control knobs. 

Coil forms, ribbed, 114” diameter, 214” long, 5 prong, Hammar- 
lund XP-53 or equiv. 

Tube shield for “ST” type tubes. 

Binding post marked “ANT”’. 

Binding post marked “GND”. 

Volume plate, Crowe No. 25. 

1 Tuning plate marked “DET. COND.”, Crowe No. 28. 

4 Resistor mounting strips, Cinch No. 1510. 

Miscellaneous nuts, bolts, washers, grommets, wire. 
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Receiver Construction — The receiver and its power supply 
are built up on a standard 7"x 7"x 2" chassis, the drawing 
of which is shown in Fig. 19. Reasonable care should be 
taken in the layout of the chassis and the holes should be 
marked with a steel punch, after which they may be drilled 
with a regular hand drill, or better yet, an electric drill. 
The four socket holes may be punched out if a socket punch 
is available or they may be made by means of a drill. Since 
the diameter of the socket holes is 13%" a circle approximately 
t Used on Code Oscillator. 
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17" in diameter should be drawn about the socket hole 
center. The 176" circle may then be knocked out entirely 
by drilling around the circle with a small drill. After the 
center has been removed the hole may be smoothed to the 
1%" size by means of a half-round or a rat tail file. The 
larger grommet holes which are rather difficult to drill unless 
a power drill is available may also be punched. 
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Fig. 19 Drawing of Receiver Chassis 


Panel — The panel, Fig. 20, may be made from a piece of 
sheet metal approximately 7" high by 8" wide. The front 
of any of the several cabinets on the market fitting the 
7"x 7"x 2" chassis, such as the Par-Metal type HC-788, may 
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also be used. Particular care should be taken in drilling 
the holes used to fasten the panel to the chassis. After the 
holes have been drilled the burrs may be removed from the 
underside by using another drill several sizes larger. “The 
parts are mounted as shown in Figs. 21 and 22. The regular 
bolts should be removed from the Thordarson T-13R19 (T-1) 
power transformer and replaced with eight-thirty-two bolts 
three inches in length. Mount the power transformer as 
shown in Fig. 21 over the four holes on the left hand side 
at the back of the chassis. Brass bushings may be used over 
the mounting screws to secure a rigid mounting. The 76, 
6D6 and 80 sockets should be mounted as shown, with the 
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Fig. 20 Panel Drawing 
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Fig. 21 Top View of Receiver 


shield base over the 6D6 socket. The coil socket in the 
middle of the chassis is mounted on 34” brass bushings so 
that the coil socket is raised above the chassis. 


The antenna and ground terminals are mounted at the 
right hand side of the chassis toward the back. Care must 
be taken to insulate the antenna terminal from the chassis 
with fibre bushings. However, the ground terminal may be 
mounted directly to the chassis so that it makes a good 
contact. For convenience in wiring, a number of resistor 
mounting lugs should be used. The position of these lugs 
is shown in Fig. 22. The triple filter condenser should be 
mounted underneath the chassis directly below the power 
transformer. The Thordarson T-13A34 transformer (T-2) 
used on the code oscillator, is mounted under the chassis 
between the 76 socket and the front of the chassis as shown 
in Fig. 24. If it is decided not to dismantle the code oscil- 
lator at this time the transformer can be wired in later. 
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There are two common ground connections on the chassis; 
one lug is placed under one of the nuts holding the coil socket 
to the chassis and the other is placed under one of the screws 
holding the T-13A34. Both of these lugs are indicated in 
Fig. 22. 
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Fig. 22 Drawing of Chassis Bottom 


Before the two filter chokes, T-13C26, (CH-1) and, T-13C26 
(CH-2) are mounted it is necessary to complete the wiring to 
the 80 socket. The two red high voltage secondary leads 
from the power transformer T-1 are connected to pins 2 and 
3 of the 80 socket. The yellow filament leads are connected 
to pins 1 and 4. One of the red leads of the triple filter 
condenser, C-11/C-12/C-13, should be connected to pin 4 
of the 80 socket. Pin 4 also connects to one terminal of the 
CH-1 choke. The other end of CH-1 is connected to resistor — 
lug 2 of the resistor mounting strip near the filter condenser. 
One of the leads of CH-2 as well as one of the two remaining 
red leads of the filter condenser is connected to this same lug. 
Lug 2 is used merely as a convenient point to join the three 


wires. The filter chokes CH-1 and CH-2 may now be 
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mounted on the back of the chassis. The remaining lead of 
CH-2 as well as the remaining red lead of the triple filter 
condenser connect to resistor lug 4, which may be considered 
the B + lug. The antenna condenser C-1 is mounted on 
44" bushings under the hole directly behind the coil socket. 
The condenser is tapped for screws having a 4-36 thread. 


Connect the antenna post to one side of the antenna 
condenser C-1. The other side of the condenser connects to 
pin | of the coil socket. This wire may be bus bar™ or solid 
wire. Connect a piece of bus wire from pin 4 of the coil 
socket to pin 5 of the 6D6 socket. Ground pin 4 of the 6D6 
socket. The RF choke RFC-1 is mounted between pin 2 of 
the 6D6 socket and resistor mounting strip 1 near the front 
of the chassis. Condenser C-6 is connected between pin 2 
of the 6D6 socket and the ground lug under the screw hold- 
ing the coil socket to the chassis. Similarly C-7 is connected 
from resistor strip 1 to the same ground position. The green 
leads of the power transformer are connected to pins 1 and 
5 of the 76 socket and also to pins 1 and 6 of the 6D6 socket. 
The center tap of this winding,-which is the green and yellow 
lead, is grounded, as is also the red and yellow center tap of 
the high voltage winding. Ground the three black leads of 
the triple filter condenser. These wires may be connected 
to any of the chassis grounds. The coupling condenser C-8 
is connected from resistor strip 1 to pin 3 of the 76 socket. 
The 250,000 ohm resistor R-4 is connected from pin 3 of 
the 76 socket to the ground lug at one end of the T-13A34 
transformer. The leads of C-9 and R-5 are twisted together 
and one end connected to pin 4 of the 76 socket. The other 
end of the condenser and resistor is connected to the ground 
lug under the T-13A34. The 20,000 ohm resistor R-6 is 
connected from pin 2 of the 76 socket to resistor mounting 
strip 4. The resistor R-3 is connected from resistor mounting 
strip 4 to resistor mounting strip 3. A length of red wire is 
run from resistor mounting strip 3 up through grommet 
hole A. This wire will later be connected to the regenera- 
tion control R-2 when the panel is fastened to the chassis. 


* Solid uncovered wire usually 14 gauge. 
he 
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Fig. 24 Bottom View of Receiver 


Similarly a length of blue wire is connected from terminal 
3 of the 6D6 socket and run through the same grommet 
hole to be fastened to the arm of the regeneration control. 
The .5 Mfd. condenser C-5 is connected from pin 3 of the 
6D6 socket to the ground lug. Connect the green wire of 
the T-13A34 transformer T-2 to resistor lug 4. The blue 
wire of the transformer is connected to resistor mounting 
strip 1. The red and black wires of transformer T-2 are 
twisted together and carefully taped. 


Panel Assembly — The panel may now be assembled. The 
combination regeneration control R-2 and switch SW-1 is 
mounted in the left hand hole, along with the Crowe es- 
cutcheon plate No. 25. The condenser C-3 is mounted in 
the right hand hole with the Crowe escutcheon plate No. 28. 
The condenser C-2 is mounted in the center hole and the 
dial fastened to the panel. Care should be taken in mounting 


> = 


RECEIVER [THEORY AND CONSTRUCTION 


the condensers that the stator* bolts do not short to the 
panel. The condensers may be mounted by means of bush- 
ings so that they are approximately 3” from the panel. 


The panel may now be fastened to the chassis by means 
of the two mounting holes marked “X”’ on the panel draw- 
ing, Fig. 20. The lower lip on the cabinet fits between the 
panel and the chassis and it is necessary to use small washers 
or spacers between the panel and the chassis to provide 
enough clearance. Care should be taken to line up the center 
hole which accommodates the output jack. The jack may 
be tightened after the chassis has been placed in the cabinet. 
The rotort of the center condenser C-2 is connected to the 
rotor of C-3 and both connected to pin 5 of the coil socket 
which is then grounded. The stator of the middle condenser 
C-2 is then connected to pin 3 of the coil socket and the 
stator of C-3 is connected to pin 2. A length of wire is 
then connected to pin 2 of the coil socket and run through 
one of the bottom holes in the tube shield. ‘This is done 
so that the length of wire is within the shield and hum 
pick-up is thus eliminated. The grid leak R-1 and condenser 
C-4 are connected directly to the tube cap and placed under 
the top shield to eliminate hum pick-up. As a precaution 
against grounding, the condenser and resistor then may be 
wrapped with an insulating tape. The red lead through the 
grommet hole just below the regeneration control is con- 
nected to the extreme clockwise terminal of R-2. The blue 
lead is connected to the middle terminal of R-2 and a wire 
run from the remaining terminal to the chassis ground. 


The line cord is brought through the cabinet and into the 
chassis through the grommet hole just below the power 
transformer. The cord is then knotted to relieve strain from 
the electrical connections. One side of the A.C. line cord 
is connected to one of the black primary leads of the power 
transformer and the other line lead is extended to one side 
of the switch SW-1 on the regeneration control R-2. The 
other side of the switch is connected to the remaining black 


* Stationary Plates t Moveable Plates 
5/7 
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primary lead of the power transformer. The connections 
to the control should be such that regeneration is decreased 
when the switch is turned off. The condenser C-10 is then 
connected from terminal 2 of the 76 socket to the ‘‘hot”’ 
side of the jack. This arrangement of the condenser and 
resistor is used to eliminate the necessity of insulating the 
jack from the chassis and it also allows the use of crystal 
earphones. The wiring of the unit has now been completed. 


Coil Data — The coils are wound on standard 136" ribbed 
five-prong coil forms. Before any winding is started all the 
coil forms should be drilled (with a No. 55 drill) as shown 
in the diagram and table of Fig. 25. The different windings 
may then be wound so that they fill the alloted space on the 


CATHODE TAP POSITION DEPENDS ON COIL 
Fig. 25 Bottom View of Coil 


Coil Form Drilling Data 


Band | Dimension A | Dimension B | Dimension C | Dimension D 
160 154” No Hole 34" 32" 

80 134” No Hole 34" 4” 

40 134” i," v4" ek 

20 136" eS Ya" va" 

10 134" ye" 36" on 
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Coil Winding Data 
Band Spread | Cathode Tap 


Tap from from 
Start of L2 DidrL Opec 


3 Turns 


114 Turns 


12 Turns 
Space 
Wound 
7 Turns 
Space 34 Turns No. 22E 
Wound 


3 Turns | 
Space ly Turn No. 22E 
Wound 


coil form. To facilitate drilling, a light pencil line may be 
drawn along the side of the coil directly opposite pins 2 and 
4 as shown in Fig. 25. The holes may then be marked off 
along this line. Winding should start from the lower end 
of the coil form with the start of L-1 connected to pin 1. 
The end of the wire as well as the coil prongs should be 
scraped and the wire soldered to the prong with a hot iron. 
The wire is pulled taut and L-1 wound in the alloted winding 
space as indicated in the coil winding data and in Fig. 25. 
The end of L-1, as well as the start of L-2, is connected to 
prong 5. L-2 is also wound in the space indicated in Fig. 25 
with the turns spaced to fill the entire winding space between 
the holes. During the winding of L-2 no attention should 
be paid to the band spread tap since this may be added when 
the end of L-2 has been soldered to prong 2. The band spread 
tap is then brought to prong 3. In making this tap it is only 
necessary to scrape the coil at the indicated turn and bring 
the wire through the hole to the coil prong. 
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80 and 160 Meter Coils — It will be noted that there is no 
band spread tap for 160 or 80 meter coils. It is, however, 
necessary in these two coils to connect prong 2 to prong 3 
inside the coil. This places the two tuning condensers in 
parallel across the whole coil. The hole for the cathode tap 
is not indicated in Fig. 25 since the position of this tap is 
rather critical and the hole should be carefully placed. 
After the position of the tap has been found at the indicated 
point on the coil a small hole may be drilled and the cathode 
tap brought through the hole to prong 4. 


Fig. 26 Receiver 


Operation of the Receiver 


Preliminary Testing — Before the chassis is placed in the 
cabinet it should be tested to determine whether or not it 
has been wired correctly. The tubes should be placed in 
their respective sockets. Care must be taken that the shield 
cap does not touch the grid leak and condenser which are 
attached to the grid of the 6D6. A coil, preferably the 40 
meter coil, should be placed in the socket. The tank con- 
denser on the right should be turned to approximately mid- 
position and the regeneration control on the left advanced 
until a distinct click or rushing noise is heard in the ear- 
phones. The receiver may then be checked by removing the 
top shield and touching the grid of the 6D6. If the receiver 
has been wired correctly a distinct squeal will be heard. 
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This indicates that the receiver wiring is correct from the 
grid of the tube to the output of the receiver. 


The receiver may now be coupled to an antenna such as 
the type used for regular broadcast reception. The regenera- 
tion control should be advanced until the receiver oscillates 
as indicated by the previously mentioned click and rushing 
noise. It is then necessary to adjust the antenna coupling 
condenser C-1. The adjustment of this condenser depends 
upon the antenna used and requires a different adjustment 
for each coil. The condenser should be adjusted for the loud- 
est signal. The adjustment of C-1 should be made with an 
insulated wrench or screw driver of the type used by service- 
men to balance radio receivers. 


Tuning — Tuning is done by rotating the band spread con- 
denser. As CW signals are picked up the regular code sounds 
will be heard. It will be noted that the code signals are 
received on either side of “dead center.”’ This may be easily 
visualized as pointed out in the first part of this chapter, 
The actual audio signal is the difference between the in- 
coming signal and the frequency at which the tube oscillates. 
The frequency of oscillation is determined by the setting of 
the tuning condenser and for an incoming signal of say 
7,000,000 cycles a 1,000 cycle note will be heard on two 
points (1) when the receiver oscillates at 7,001,000 cycles 
and (2) when it oscillates at 6,999,000 cycles. 


While tuning across a signal, the pitch at first is very high 
after which it lowers, finally reduces to zero and again 
increases in pitch. The regeneration control determines the 
gain of the tube and thus its ability to oscillate. It will be 
found that the signal of the receiver is loudest at a point 
just before oscillation begins. When receiving phone signals 
it is desirable to tune the receiver until the loudest signal 
is heard, after which the volume may be increased by ad- 
vancing the regeneration control to a point just below the 
oscillation point of the tube. 
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Tank Condenser Settings — After some experience has been 
gained in tuning, a list may be made of the large condenser 
settings for the different bands. The setting of the large 
condenser C-3 should be such that the tuning condenser C-2 
completely covers the band with a slight overlap on each 
end. These condenser settings as well as the band frequency 
may be marked on the paper insert which is supplied with 
the coil. A little tuning practice will determine the edges of 
the different bands. 


After the receiver has been checked it may be mounted 
in the cabinet. It is necessary to loosen the jack and the 
two mounting screws, so that the lower lip of the cabinet 
fits between the panel and the chassis. 
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CRYSTAL OSCILLATOR TRANSMITTER 


The Transmitter — Fundamentally, the transmitter is the 
exact opposite of the receiver. The transmitter radiates or 
transmits radio waves into space which waves are then 
picked up by the receiver. The transmitter actually ra- 
diates a certain amount of power which is finally dissipated 
and absorbed by buildings, wires, antennae, etc. Some of 
this power is lost so far as communication on the earth is 
concerned, since the radio waves break through the Heavy- 
side layer and continue on into space. Since considerably 
more power is required at the transmitter than at the re- 
celver, transmitting tubes are necessarily larger and more 
costly than the tubes used in the receiver. THE POWER 
AND THE VOLTAGES AT WHICH TRANSMITTING 
TUBES OPERATE ARE CONSIDERABLY HIGHER 
THAN THOSE USED IN THE RECEIVER AND EX- 
TREME CARE MUST BE USED IN ADJUSTING AND 
OPERATING A TRANSMITTER. The transmitters 
about to be described should not be connected to an antenna 
unless the operator has an amateur license. However, for 
test purposes they may be coupled to a dummy antenna 
as described at the end of the chapter. 


Wave Propagation — As pointed out in the beginning of the 
previous chapter, radio waves are transmitted from the 
antenna as ever-widening circles or spheres. Due to the 
curvature of the earth it would not be possible to transmit 
over a great distance if the radio waves continued to travel 
in straight lines. As a matter of fact the waves are re- 
flected back to the earth by the Heavyside layer, the 
effective height of which varies with the time of day, the 
season of the year and for the different amateur bands. 
The reflection of a radio wave from the Heavyside layer 1s 
illustrated in Fig. 27 which indicates the path of a radio 
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wave. A transmitter at A radiates a wave which is reflected 
from B to D and from D to E. The distances between A 
and C, and between C and E on the earth’s surface, are 
dead spots known as the skip distances where the signal 
cannot be heard. As an example, the skip distance for 20 


RECEPTION 
POINTS 


D 
Fig. 27 Path of Radio Wave 


meters may be 400 miles at a certain time of day; thus, a 
20 meter signal could be heard locally near the transmitter 
and could not be heard again for 400 miles. The distance 
of 400 miles is thus termed the skip distance. On the higher 
frequencies, especially on 5 meters, 10 meters and sometimes 
on 20 meters, the height of the layer may be such that 
reflection does not occur, and the waves continue through 
space and are lost so far as communication is concerned. 


Essentials of the Transmitter — A transmitting station consists 
essentially of three parts: an oscillator or a high frequency 
generator for the radio waves, a means of transmitting in- 
telligence on the radio waves (CW or phone), and a trans- 
mitting antenna. The first transmitter described in this 
Guide is a simple unit which may be used as a complete 
transmitter in itself or as part of a larger transmitter. 
Although the power is somewhat limited, the transmitter 
has good coverage and will give excellent results. The 
same parts used in the first transmitter are also used in the 
two larger units so that the simplest transmitter may be 
built first in order to familiarize the operator with trans- 
mitter operation. These same parts may then be used for 
the larger transmitter. 
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Oscillators — As previously stated radio amateurs are con- 
fined to certain frequencies and the simplest way to keep 
within these bands is to use a transmitter equipped with a 
crystal oscillator. To avoid any difficulty or trouble from 
the standpoint of off-hand operation, all transmitters 
described in this Guide are crystal controlled. Even with 
crystals, however, it is good practice before going on the 
air to check the transmitter frequency on the receiver, to 
determine whether or not it falls within the known limits 
of the band on the receiver. The basic purpose of the 
oscillator in a transmitter is to control the transmitter 
frequency. The output of the oscillator then excites a 
larger buffer or power amplifier. 


Crystal Oscillator —The simplest form of oscillator is one 
which uses a piezo-electric quartz crystal which has the 
characteristic of vibrating mechanically when an RF voltage 
of the crystal frequency is impressed upon it. ‘The fre- 
quency of vibration is determined by the mechanical 
structure and size of the crystal. This vibrating crystal is 
placed in the grid circuit of the vacuum tube to deliver 
power output at the crystal frequency. Fig. 28 shows the 
fundamental circuit for a crystal oscillator. The crystal is 


PIEZO 
ecectric CR 


50,000 OHMS 


B- B+ 
Fig. 28 Crystal Oscillator Circuit 


placed between the grid and the cathode; and the L-C 
circuit, usually known as the tank circuit, is tuned to the 
crystal frequency. At resonance* the impedance of L and C 


* More information on Resonance Page 135. 
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in parallel is extremely high and an RF voltage having 
the frequency of the crystal is built up across the tank cir- 
cuit. This RF voltage is fed back to the crystal through 
the small capacity between the grid and plate of the tube. 
Actually, the crystal itself may be considered a parallel 
tuned circuit, the equivalent of which is shown in Fig. 29. 
Wihe. circuit. then #operates, ase. tuned- grid-tuned-plate 
oscillator.* GRID TO PLATE 
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RF Crystal Current —A considerable amount of radio fre- 
quency current may flow through the crystal. If this cur- 
rent becomes excessive the crystal may vibrate so violently 
that it shatters. The amount of crystal current may be 
roughly judged by placing a small 6 volt 150 Ma. pilot 
light in series with the crystal. The crystal current may 
thus be noted while tuning. The maximum allowable crystal 
current depends upon the type of crystal and is usually 
indicated in the operating instructions accompanying the 
crystal. The magnitude of this current depends upon a 
number of factors, among them being the grid to plate 
capacity of the tube, the amplification factort of the tube, 
the plate voltage of the tube, and, in the case of the 6L6 
tubes which are used in the small transmitters, the screen 
voltage. The crystal current also depends upon the load 
on the tank circuit and if the small transmitter is operated 
without an antenna the crystal current will be somewhat 
higher than it would be if the tank circuit were loaded. 
In the first transmitter a pilot bulb is used to indicate 
* More information on Oscillators Page 138. 

+ More information on Amplification Factor Page 140. 
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crystal current which enables the operator to watch the 
effect of tuning and loading on the crystal current. 


Keying Methods — The primary purpose of the key is to 
interrupt the train of radio waves and basically a trans- 
mitter may be keyed at any point or in any manner so that 
the transmitter does not operate when the key is up. There 
are several accepted methods of keying, the simplest of 
which is probably cathode keying in which the key is 
placed between the cathode and ground (B-). This method 
is usually free from clicks and chirps and results in clear 
keying. 


Where to Key — Cathode keying is used mainly on small 
transmitters. In the high power transmitters it is not 
usually feasible to key the large stage and the common 
procedure is to key a buffer or the crystal stage and pro- 
vide enough bias to the following stages so that the plate 
current does not become excessive when the key is up. 
Another and much simpler method is to use zero bias tubes 
in the stage following the keyed stage so that the plate 
current drops to a safe value when the key is up. A zero 
bias tube is used in the larger type transmitter described 
in this Guide. In the crystal oscillator transmitter, cathode 
keying is used, and when the key is up the plate circuit is 
broken so that the stage no longer oscillates. 


Key Click Filters —In the event that clicks or chirps are 
heard they may be easily eliminated by a key click filter 
consisting of a .5 Mfd. condenser and resistor in series across 
the key as shown in Fig. 30. If this is not effective the cir- 
cuit of Fig. 31 may be used. The object of the key click 
filter is to increase the time required to build up and de- 
crease the amplitude of oscillation so that these changes 
take place at a comparatively slow rate. The values of 
inductance and capacity should be such that clear keying 
results. In making adjustments it is well to check the trans- 
mitter on the receiver with the receiver antenna discon- 
nected. The effective inductance of the choke may be 
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Fig. 30 Key Click Filters Fig. 31 


changed by connecting a 1000 ohm variable resistor across 
its terminals. This resistor may be varied until the keying 
is clear and free from clicks. It will be found, however, 
that a filter is not required on the first transmitter. 


The Antenna — An antenna is a wire or system of wires for 
either receiving or transmitting radio signals. The actual 
construction of a receiving antenna is unimportant and 
practically any type of antenna, either indoor or outdoor, 
may be used. For transmitting, however, it is very impor- 
tant that the antenna be of the correct length and that it 
be properly fed for best results. In general, an antenna 
should be located as high as possible above surrounding 
objects. Buildings, especially those containing steel and 
iron, produce a shielding effect and the antenna should be 
located in such a way that this effect is minimized. 


Antenna Length — Basically, the length of an antenna bears 
a fixed relationship to the velocity of the radio wave which 
is about 95 per cent that of light. The length of a half- 
wave antenna is the distance that the radio wave will 
travel in the time required for one-half RF cycle. It may 
easily be seen from this that the length of an antenna 
depends upon the frequency of the radio wave. Due to the 
fact that the velocity of a radio wave on wire is somewhat 
less than the velocity of light, the actual length of antenna 
is somewhat less than that which would be determined 
from the speed of light. 


It was stated in a previous chapter that the velocity 
of light is 300,000,000 meters per second. The wave length 
mt bs 
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in meters of a full-wave antenna for a given frequency is 
thus = ae x 95. or the length of a half-wave antenna 


quency in cycles 
in feet 18 Folmcyin mesagcdes Lhus, the length of a half wave 


antenna on 14 megacycles would be “ aye SSE ie. 


Antenna Parts — An antenna system consists essentially of 
three parts: the radiating flat top, the feed or transmission 
line, and the coupling device for feeding the power from 
the transmitter to the transmission line. The effectiveness 
of an antenna depends upon its flat top and so long as the 
power is delivered to the antenna there is no difference in 
the radiating properties. The antenna types are usually 
designated by the type of feed and also by the length of 
the flat top in half waves. The antenna may be fed with a 
tuned or untuned transmission line. However, as pointed 
out above, the transmitting properties of an antenna 
depend upon the radiating flat top, and the type of feed line 
is unimportant so long as there are no appreciable losses 
along the line. The best antenna for the beginner is the 
type with a single wire transmission line. This type of 
antenna is shown in Fig. 32 and it is extremely important 
that the dimensions be as shown. This type of antenna is 
easy to construct and it is a simple matter to couple the 
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TRANSMITTER 
Fig. 32 Single Wire Antenna 


transmission line to the tank coil through a small mica 
condenser. The transmission line may be of any length. 
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Table of Antenna Dimensions 


Band Length of Antenna Distance ““D”’ 


If /PosnCetow,JUUL We. 272’ to 234! 38’ to 32’ 
(160 Meters) 


BS00IK ene L000 Ke 34g Z 19’ to 166" 
(80 Meters) 


7,000 Ke. to 7,300 Ke. 67' to 64’ 9'6" to 9114" 
(40 Meters) 


14,000 Ke. to 14,400 Ke. 33) Ge tOno2 Gut 49” to 4/716" 
(20 Meters) 


28,000 Ke. to 30,000 Ke. 16°95 tol5’85 2'416” to 2’3 16" 
(10 Meters) 


Erection of Antenna— The only parts required for the antenna 
are two insulators such as the Johnson 107 and a quantity 
of No. 12 solid or stranded. wire. The quantity of wire 
depends upon the amateur band for which the antenna is 
designed and also the distance from the antenna to the 
transmitter. It is advisable to use a spring such as the Birn- 
back 765 as shown in Fig. 33 at one end of the antenna to 
take up slack or stretching of the wire. The antenna should 
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Fig. 33 Erection of Antenna 


be erected as high as possible above surrounding objects 
and if the antenna Is erected on a roof it should be as high 
as possible above the roof. It should not be erected close 
to metal objects such as smoke stacks, water towers, etc. 
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which are higher than the antenna. The flat top should be 
cut to the proper length and the transmission line soldered 
at the correct point. After it has been soldered the joint 
should be well taped to prevent corrosion. The transmission 
line may then be brought down to the transmitter. It is 
advisable to avoid sharp bends in the transmission line and 
the line may be mounted from the side of the building with 
screw eye insulators such as the Birnback 664. The trans- 
mission line may be brought into the building by a weather- 
proof lead-in strip such as a Birnback 611. 


It is not the purpose of this Guide to give a complete 
discussion of antenna operation. More complete information 
may be found in handbooks and text books. 


Construction of the Crystal Oscillator Transmitter 
Parts Required — The following parts are required to con- 
struct the crystal oscillator transmitter: 


3 .002 Mfd. 1000 volt mica condensers, Cornell Dubilier 4-6D2 or 
Aerovox 1455. 

1 100 Mmfd. variable condenser, National Type TMS-100 or equiv. 

1 .001 Mfd. 1000 volt mica condenser, Cornell Dubilier 4-6D1 or 
Aerovox 1455. 

1 50,000 Ohm 1 watt resistor, Centralab or equiv. 

1 Crystal (select for desired amateur band). 

1 Telegraph Key.* 

1 Type 6L6G tube. 

1 5 prong socket, Amphenol S5 or equiv. 

1 Octal socket, Amphenol S8 or equiv. 

1 4 prong socket, Amphenol S4 or equiv. 

1 Pilot bulb, Mazda Type R-48 or equiv. 

1 Pilot bulb socket, porcelain base. 

8 Fahnestock clips. 

2  Stand-off insulators Johnson No. 24 or equiv. 

to 5 Coil forms 4 prong, i Feueelcee DiMsiete XP-53 or equiv. 

Memisasepoard)/’ x 11" x84? 

1 D.C. milliammeter, 0- a MA., 2” diameter, Triplett model 227 
or equiv 

LP 214" “fei Gordon No. 294 or equiv. 


Pieccllincoits nuts, bolts, wood screws, washers, etc. 
Mounting of Parts—The crystal oscillator transmitter is built 
up on a 7” x 11” x 34” board as shown in the photograph, 
Fig. 34. The three sockets which accommodate the crystal, 
* Used on Code Oscillator. 
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Fig. 34 Crystal Oscillator Transmitter 


the tube and the coil are mounted in this order with 14%” 
wood screws on 34” bushings to raise them slightly above 
the board. The 100 Mmfd. variable condenser is mounted 
directly in front of the coil socket on the two small stand- 
off insulators. The holes in the bottom of the variable 
condenser are tapped for 6-32 screws and the stand-offs are 
then fastened to the board by 14” round head wood screws. 
The small pilot light socket is fastened in front of the 
crystal socket by means of small wood screws. A meter 1s 
required for accurate tuning and this is mounted on a 
small piece of bakelite, the drawing of which is shown in 
Fig. 36. The two dotted 34” holes on either side of the large 
meter hole are not required for this transmitter. They are 
used only in the two-stage transmitter where the single 
meter reads the plate current of both the oscillator and the 
buffer. Fahnestock clips are used to make connections to 
the power supply. Regular solder lugs should be used 
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PIN-2 OF 
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7 6 5 4 38 
Fig. 35 RF Section of Crystal Oscillator Transmitter 


Condensers 
C-4 .002 Mfd. 1000 volt mica, Cornell Dubilier C-6 .002 Mfd. 1000 volt mica, Cornell Dubilier 
4-6D2 or Aerovox 1455. 4-6D2 or Aerovox 1455. 


C-5 on Mfd. 1000 volt mica, Cornell Dubilier C-7 100 Mmfd. variable National type TMS-100 or 


D2 or Aerovox 1455. equiv. 
C-8 .001 Mfd. 1000 volt mica, Cornell Dubilier 4-6D1 or Aerovox 1455. 
Resistor Meter 
R-2 50,000ohm 1 watt carbon, Centralab or equiv. M-1 0-150 Ma., Triplett 227 or equiv. 


between the clips and the board.’ The mica condensers are 
mounted as shown in the photograph, Fig. 34. 


Wiring — Referring to the circuit diagram, Fig. 35, the wiring 
may be done with regular hook-up wire or, preferably, bus 
bar wire. A good substitute for bus bar wire may be 
made by removing the covering from regular solid hook-up 
wire. The wiring may start by connecting a continuous 
piece of bus bar wire from clip 1 to one end of C-5 and C-6. 
This wire should be run under the crystal socket (care 
being taken that it does not touch the prongs) to one side 
of the pilot light socket and then to the two condensers. 
This wire may be considered the ground or negative lead. 
To this wire also connect one side of C-4 and clip 7 to which 
one side of the key connects. Also connect to the ground 
wire pin 1 of the 6L6G socket. Run a wire from pin 2 of 
the crystal socket to pin 5 of the 6L6G socket. R-2 should 
be connected from this lead to the ground lead. Pin 4 of 
the crystal socket connects to the remaining terminal of 
the pilot light socket. Connect the remaining end of C-4 
to pin 8 of the 6L6G socket and run a wire from this point 
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Fig. 36 Meter Panel 


to clip 6. Connect leads from pins 2 and 7 of the 6L6G 
socket to clips 5 and 4. Also connect a wire from pin 4 of 
the 6L6G socket to one side of C-5 and run a wire from 
this point to clip 3. 


The stator of the variable condenser C-7 is connected to 
pin 4 of the coil socket and a lead run from this point to 
pin 3 of the 6L6G socket. Similarly, connect a wire from the 
rotor or frame of the variable condenser to pin 1 of the coil 
socket and connect a lead from this point to the remain- 
ing terminal of C-6 and also to the negative terminal of the 
meter. Connect a lead from the positive terminal of the 
meter to clip 2. Connect one side of C-8 to pin 2 of the 
coil socket. The remaining end of C-8 connects to clip 8. 
The wiring of the unit has now been completed. 


Construction of the Power Supply 


The constructional details of the power supply are given 
at this point so that the supply may be used with the crystal 
oscillator transmitter. The operating theory for the power 
supply follows the operating procedure for the transmitter. 
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Parts Required—The following parts are required to con- 
struct the power supply: 


1 


met eet BO GD ON et oe tt DO 


Thordarson T-19F76 filament transformer. 

Thordarson T-19P54 plate transformer. 

Thordarson T-19C39 swinging choke. 

Thordarson T-19C46 smoothing choke. 

4 Mfd. 600 volt condenser, Aerovox PBS600 or equiv. 

4 Mfd. 475 volt condensers, Aerovox P-475 or equiv. 
7500 Ohm 50 watt semi-variable resistor, Ohmite or equiv. 
Type 5Z3 tube. 

4 prong socket, Amphenol S4 or equiv. 

Baseboard 1314” x 10” x 34”. 

Fahnestock clips. 

Adjustable lugs for R-1, Ohmite 0358. 

SPST Toggle switches, Arrow H & H No. 20993 or equiv. 
Line cord and plug. 

Mounting strip, Cinch No. 1510. 


Miscellaneous nuts, bolts, wood screws, washers, etc. 


Mounting of Parts— The power supply is built up on a 1314” 
x 10” x 3%” board. ‘The transformers and chokes are 
mounted on bushings approximately 14” high, as shown in 
the photograph, Fig. 37, to prevent the transformer leads 


Fig. 37 Crystal Oscillator Power Supply 
4 We 
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from being squeezed. It is advisable to place small washers 
under the heads of the screws to prevent them from being 
pulled through the mounting holes. The Fahnestock clips 
and solder lugs are mounted in the usual manner and in 
the arrangement shown. In the photograph an additional 
clip 10'is shown. This clip is used for the two-stage trans- 
mitter and it may be eliminated if only the crystal oscillator 
transmitter is used with the power supply. A small piece 
of bakelite, Fig. 39, is fastened to the end of the board. 
Two toggle switches are mounted on this strip of bakelite 
so that they are off in the down position. Mount the tube 
socket on 34” bushings as shown in the photograph. Simi- 
larly, mount the bleeder resistor and condensers as shown; 
the exact positions are not at all critical. 


Wiring — Wiring of the unit may begin by connecting the 
red leads of the T-19P54 plate transformer (T-2) to pins 
2 and 3 of the rectifier tube socket as shown in the circuit 
diagram, Fig. 38. The two yellow leads of the filament 
transformer J-19F76 (T-1) are connected to pins 1 and 4 
of the rectifier socket and one side of the T-19C39 choke 
(CH-1) is connected to pin 4. The remaining lead of CH-1, 
as well as one lead of CH-2, is connected to the small 
mounting strip. The red lead of C-1 is also connected 
to this point. The remaining lead of CH-2 is connected 
to one end of the bleeder resistor R-1. The positive lead of 
C-2 is also connected to this point. The red and yellow center 
tap of T-2 is connected to the opposite end of the bleeder 
resistor R-1. A wire is also run from this point to clip 1’. 
ihe negative (black) leads of C-1, C-2 and C-3 are also 
connected to clip 1’. For the crystal oscillator transmitter 
two slider contacts are required for the bleeder resistor R-1. 
One slider, A, is placed approximately 7%” and the other, 
B, approximately 2” from the positive end of resistor R-1. 
These positions will deliver the correct voltages of 400 volts to 
the plate and 230 voltstothe screen. The third slider contact, 
C, is used only for the two-stage transmitter and a rearrange- 
ment of all three sliders is required for this transmitter. 
ee 
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The positive lead of C-3 is connected to slider A and a 
wire run from this point to clip 2'. Slider B is run to clip 
3'. ‘The brown and the green leads of the filament trans- 
former T-1 are extended to clips 4' and 5'. Connect clip 
4' to clip 1’. ) 


The A.C. line cord is brought to the back of the small 
bakelite strip and one lead connected to one terminal of 
the switch SW-1 on the left hand side. The other terminal 
of this switch is connected to one black lead of T-1 and 
also to one of the terminals of the other switch SW-2. The 
remaining terminal of the switch SW-2 is then connected 
to one black lead of T-2. The other line lead is connected 
to the remaining black leads of T-1 and T-2. With this 
arrangement the filament switch on the left, SW-1, controls 
both the filaments and the plate supply. The switch SW-2, 
on the right, controls the plate supply only. It is thus 
impossible to turn on the plate supply without having 
the filament switch closed. The wiring of the unit has now 
been completed. 


Fig. 39 Switch Panel 


Coil Data—The coils for the crystal oscillator transmitter are 

wound on the Hammarlund 1%” ribbed coil forms. The 

winding length should be carefully followed, and before 

winding the coil forms may be drilled as shown in Fig. 40. 
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The distance A between the two holes is given in the coil 
winding data. The antenna tap is brought out through the 
hole in the top of the coil form as this arrangement affords 
an easy method of adjusting the antenna coupling. After 
the coils have been wound they may be covered with any 
one of the several kinds of good coil dope on the market. 


ANTENNA TAP 
CONNECTS TO 
OUTSIDE OF 


Fig. 40 Bottom View of Coil 
Coil Data 


Band Turns Winding Length A Wire Size 


20 Space 14" #18E 


10 Space 14" #18E 
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Operation of the Crystal Oscillator Transmitter 


Warning: This transmitter should not be connected 
to an antenna unless the operator has an amateur 


license. For testing purposes it should be coupled 
to a dummy antenna as described. 


After the crystal, coil and 6L6G tube have been installed, 
connections may be made from the Fahnestock clips on 
the Crystal Oscillator Transmitter to the corresponding 
clips on the power supply. The 150 Ma. pilot light bulb 
should be placed in its socket. There are several types on 
the market and care should be taken that the bulb is a 
150 Ma. type. The key is then connected to clips 6 and 7. 
The filament switch on the power supply is closed and 
approximately 30 seconds allowed for the tubes to warm up. 
The plate switch may then be turned on, the key held 
down and the variable condenser quickly rotated until the 
reading on the meter is a minimum value. At this point 
the impedance of the tank circuit is a maximum at the 
crystal frequency and as a result the crystal oscillates and 
the plate current decreases due to the high impedance. 
It will be noted as the condenser is tuned to either side 
of resonance that the impedance of the tank circuit de- 
creases and the current increases. To increase the crystal 
stability, the tank circuit should be tuned to a point with 
less capacity so that the plate current increases about 3 
or 4 Ma. above its minimum value. 


For test purposes the transmitter should be connected 
to a dummy antenna which may consist of a 10 watt light 
bulb connected to a few turns of wire. The power output 
may be judged by the brightness of the bulb. The coupling 
to the light bulb depends upon the number of turns on the 
pick-up coil and also the distance between the tank coil and 
the pick-up coil. The best procedure, as illustrated in Fig. 41, 
is to couple a length of wire to the light bulb and wrap 
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the wire around the tank circuit until the minimum plate 
current is 50 Ma. when the tank condenser is tuned. The 
transmitter coupled to the dummy load can be heard over 
a considerable distance provided that a rather large re- 
ceiving antenna is used. The quality of the note may be 
checked on the receiver. If the receiver is close to the trans- 
mitter the receiving antenna should be removed to elimi- 
nate the possibility of overloading the receiver. 


LIGHT BULB 


Fig. 41 Dummy Antenna Load 


Coupling to Antenna — Provided the operator has a license, 
the transmitter may be coupled to the antenna with the 
single wire transmission line. The loading on the tank cir- 
cuit depends upon the position of the tap on the tank coil 
and the loading is decreased as the tap approaches the B+ 
end of the coil. The circuit should be tuned for minimum 
plate current after each adjustment of C-8. Maximum 
loading results when the condenser C-8 is connected directly 
to the plate end of the coil. To start off, the tap should be 
made approximately 14 of the distance from the B+ end. 
It will be noted that the minimum plate current is now con- 
siderably higher than the unloaded condition indicating 
that the antenna is actually placing a load on the tank cir- 
cuit. The approximate loaded value of current is 50 Ma. 
At this plate current the plate voltage is approximately 400 
volts and the power input (from P = EI)* is 400 volts x .05 
or 20 watts. The efficiency of a stage of this type depends 
* More information on Power Page 125. 
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upon the antenna loading and upon the crystal frequency. 
For 160, 80 and 40 meters the efficiency is approximately 
50 per cent so that the power output of this transmitter is 
in the neighborhood of 10 watts. The efficiency on the other 
frequencies varies considerably with the activity of the 
crystal, on 20 meters the output being approximately 7 watts 
and on 10 meters about 4 watts. For best results a good 
ground connection should be made from clip 1 to a radiator 
or water pipe. 


Power Supply Theory 
Although a power supply has been used with the receiver, 
very little has been said about its operation. The purpose 


of the power supply is to provide the tube circuits with 
direct current converted from the A.C. line. 


As shown in Fig. 42 a typical power supply consists 
essentially of three parts: the power transformer, the recti- 
fier tube and the filter. The power transformer changes the 

RECTIFIER TUBE 


+ 
BLEEDER 


FILAMENT 
WINDING 


POWER 


Fig. 42 A Typical Power Supply 


A.C. line voltage to a different value in order to make it 
possible to obtain a D.C. voltage different from that which 
could be obtained directly from the A.C. line. The rectifier 
allows current to flow only in one direction creating pul- 
sating direct current which the filter changes to direct 
current. 
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Half-Wave Rectifier — The half-wave rectifier as shown in 
Fig. 43 is the simplest type. The rectifier tube is a diode as 
described on Page 16 and consists simply of one plate and 
a filament. Current flows through the rectifier tube only 
during the half cycle when the plate is positive with respect 
to the filament. On the other half of the cycle the tube does 
not conduct and as a result there is a blank space AB in the 
output wave. The half-wave rectifier finds very little appli- 
cation in radio power supply circuits since it is more difficult 
to filter its output because of the longer time between pulses. 
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LINE VOLTAC 
Fig. 43 Half-Wave Rectifier 


Full-Wave Rectifier—The rectifier most commonly used is 
the full wave rectifier as shown in Fig. 44. The tube consists 
of a filament and two plates, each of which conducts for one- 
half cycle. For the instantaneous condition shown in Fig. 44 
the upper plate A conducts while B does not. On the next 
half cycle when the arrows point in the opposite direction 
plate B conducts while A does not. The output of the 
rectifier is thus pulsating direct current in which the lower 
half cycle of the A.C. wave is reversed from the dotted 
position. 


Filters— With either the half-wave or full-wave rectifier, two 
types of filters are widely used. These types are designated 
by the input element of the filter. The filter using a con- 
denser at the input is called a condenser input filter and one 
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using a choke is called a choke input filter. These filters 
exhibit vastly different characteristics. 
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REVERSED 
LINE VOLTAGE 
Fig. 44 Full-Wave Rectifier 


Condenser Input Filter — The condenser input filter is the 
type used on the receiver and is illustrated in Fig. 45. The 
input condenser C is connected from any convenient point 
in the filament circuit of the rectifier tube to the plate wind- 
ing center tap and the entire output voltage of the rectifier 
is applied across the condenser. The action of the input 
condenser type of filter, as indicated in Fig. 45, involves the 
charging of condenser C to the peak A.C. voltage and 
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Fig. 45 Condenser Input Filter 
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discharging to A, at which point the condenser voltage 
equals the voltage of the following wave. The output 
wave is D.C. with a ripple voltage of the type shown. 


The condenser input type of filter is followed by a choke 
and another condenser which reduce the ripple after the 
first condenser. This type of filter should not be used with 
mercury vapor tubes or tubes with a low internal drop, since 
the charging current of the first condenser is rather high and 
the maximum allowable peak current of the rectifier may be 
exceeded. It may be seen that the condenser charges up to 
the peak A.C. voltage and if the load on the rectifier is light 
the voltage from the filter may approach the peak value 
of A.C. voltage from the transformer. This type of filter, 
moreover, has the disadvantage that the D.C. output voltage 
decreases rapidly as the output current is increased. 


Choke Input Filter—The choke input type of filter is shown 
in Fig. 46. The choke is connected from the filament of the 
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Fig. 46 Choke Input Filter 


rectifier tube to a condenser which, in turn, connects to the 
center tap of the power transformer. With the choke input 
type of filter two chokes are generally used. The input choke 
is designated as the swinging choke and the other the smooth- 
ing choke. A swinging choke is designed to change its in- 
ductance as the D.C. current varies. This helps to maintain 
the D.C. voltage as the current from the filter is changed. 
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Condenser vs Choke Input —In general, a condenser input 
type of filter will deliver a higher D.C. voltage for a given 
A.C. voltage applied to the rectifier plates. However, the 
regulation of the choke input filter is considerably better. 


Bleeder Resistors— The value in ohms of the bleeder resistor 
in either supply is relatively unimportant as in most cases 
it merely serves to prevent the voltage from becoming 
excessively high. When the plate supply transformer is 
disconnected from the line the bleeder also serves to bleed 
off the charge from the filter condensers to eliminate the 
possibility of accidental shock. In some power supply cir- 
cuits, especially those used for Class B modulators, the 
bleeder resistor has some importance since the correct value 
will prevent the D.C. voltage from soaring under low cur- 
rent conditions. In a Class B modulator, however, the zero 
signal plate current may also be considered a part of the 
bleeder current. 


Regulation —The regulation of a D.C. power supply is a 
measure of the change in voltage as the current from the 
supply is varied. As an example: If the voltage of a power 
supply is 550 volts with a current of 25 Ma. and 500 volts 


with a current of 100 Ma., the regulation is are xi 
100% or 10% for the current range from 25 to 100 Ma. 
Regulation is merely the voltage variation, in per cent, 
referred to the full load voltage. The lower the regulation 
the better the supply. It is important to have a power 
supply with good regulation for a crystal oscillator stage, 
especially if the oscillator is keyed. If the voltage varies, 
the keying may be “chirpy.” It is also important that the 
filtering be adequate for any type of RF service since the 
ripple voltage will be superimposed upon the D.C. and the 
RF wave will be modulated or varied by the ripple voltage. 
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TWO-STAGE TRANSMITTER 


Advantages of Multi-Stage Transmitters— The crystal oscillator 
transmitter described in Chapter IV is a transmitter in its 
fundamental form. For increased power output, present 
day practice in transmitter design calls for a crystal oscil- 
lator which, in turn, is followed by a larger stage, usually» 
called the buffer, driver or final amplifier depending upon 
its use. Fundamentally, the buffer stage can deliver a 
greater power output than a crystal oscillator. An amplifier 
is also more desirable since it operates with a higher eff- 
ciency. In addition, it provides a certain amount of isolation 
between the oscillator stage and the antenna. 


Description of the Two-Stage Transmitter —In the two-stage 
transmitter the crystal oscillator transmitter is used as the 
oscillator and it is followed by a final stage using a 6L6G 
tube. Since the 6L6G final stage is fairly easy to drive, the 
6L6G tube in the crystal oscillator 1s replaced with a 6F6G 
which minimizes the crystal current. In the photograph, 
Fig. 52, the two-stage transmitter is built on one board; 
however, the crystal oscillator transmitter may, if desired, 
be used as it is and the buffer built up on a separate board 
of the same size. 


A single meter is used to read both the crystal plate current 
and the buffer plate current. The two 3%” holes shown in 
the bakelite strip, Fig. 36, Page 60, are used to accommodate 
two jacks so that the single meter may be used for this 
double purpose. These jacks are of the shorting type so 
that the circuit is completed when the plug is removed. 


In this transmitter the oscillator stage is keyed, rather 
than the buffer, since buffer keying sometimes results in an 
objectionable back wave. In other words, if the buffer is 
keyed so that the crystal oscillator operates at all times it is 
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quite possible that some energy will be coupled to the 
antenna even though the key is up. Oscillator keying, how- 
ever, requires that neutralization of the buffer stage be com- 
plete; if neutralization is not complete the buffer may oscil- 
late at some undetermined frequency. 


Operation of the Buffer Amplifier— A buffer amplifier is usually 
operated with enough bias to reduce the plate current to 
zero. In Chapter II it was shown that the plate current of 
a tube depends upon the bias or voltage between the filament 
and the grid. The operation of the buffer stage is illustrated 
in Fig. 47 in-which the voltage of the bias battery (C battery) 
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Fig. 47 Operation of the Buffer Amplifier 


is such that without an RF voltage applied to the grid the 
plate current is zero. As the RF voltage is applied to the 
grid the plate current flows on the positive halves of the 
waves and does not flow on the negative halves. The actual 
plate current through the tube is thus pulsating direct 
current of the form shown on the right side of the diagram. 
The magnitude of the plate current will depend upon the 
impedance of the tank circuit and this is the reason that the 
plate current increases as the tank is detuned. The tank 
circuit has a certain “‘fly-wheel”’ effect so that on the half 
cycle during which the plate current does not flow the cir- 
culating current in the tank supplies the negative half cycles. 
The RF voltage across the output tank is thus A.C. of the 
same wave form as that applied to the grid. Class B oper- 
ation 1.e., operation with cut-off bias increases the efficiency 
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of the stage, since the tube plate cools off for the half cycle 
during which there is no plate current flow. 


Method of Obtaining Bias — There are several methods of 
obtaining enough bias for cut-off. One method is the use of 
a battery, the other the use of resistors in either the grid 
circuit or the cathode circuit. 


Cathode Bias — Referring to Fig. 48, the plate current on 
flowing from the positive terminal of the plate supply to 
ground produces a voltage across R which is positive at the 
cathode and negative at the ground to which the grid return 
connects. There is thus a voltage difference or bias between 


Fig. 48 Cathode Bias 


the cathode and the grid. In actual practice R is usually 
shunted with a small mica condenser as shown by the dotted 
lines. This method is called cathode bias. If a tube requires 
a grid voltage of 25 volts for cut-off, and if the full load 
plate current is 100 Ma., the value of cathode resistor R is 


an or 250 ohms. 


Advantages and Disadvantages — Cathode bias has the advan- 
tage that the plate current is limited in the event the excita- 
tion is removed from the grid. Cathode bias, however, has 
the disadvantage that the effective plate voltage on the tube 
is decreased by the amount of the bias. Thus, for a plate 
supply of 400 volts and 25 volts of cathode bias, the actual 
voltage between the plate and the cathode is 375 volts. 
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Grid Leak Bias — The second method of obtaining bias is by 
means of a resistor in the grid circuit. In Fig. 49 the RF 


voltage from the grid coil is applied to the grid circuit. The 


Fig. 49 Grid Leak Bias 


magnitude of this RF voltage is such that the grid goes 
positive with respect to the cathode and current flows as 
indicated. On the next half cycle the grid is negative with 
respect to the cathode and current does not flow. 


In practice the resistor is usually shunted by a condenser 
as shown by the dotted lines. This type of bias is called grid 
leak bias. The value of the grid resistor may also be figured 
from Ohms law: if a tube requires 25 volts of bias and if it is 
to be obtained from grid leak bias, the value of the resistor 
is equal to 25 divided by the grid current in amperes, which is 
usually listed under the operating characteristics of the tube. 


Usually a stage obtains bias from a combination of grid 
leak bias and cathode bias. Grid leak bias is particularly 
suited to zero bias tubes. 


Neutralizing — When a tube with grid to plate capacity is 
used as an amplifier with both the plate and the grid circuits 
tuned to the same frequency, the stage may oscillate as a 
regular tuned-plate-tuned-grid oscillator, unless neutralized. 
The actual path of feedback between the plate and the grid 
is shown in Fig. 50 in which the RF voltage from the plate 
is fed back to the grid through the grid to plate capacity. 
In order to neutralize this grid to plate capacity, the cir- 
cuit of Fig. 51 is used. In this circuit a voltage is fed back 
- 76 
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EFFECTIVE GRID TO EUTRALIZING CONDENSER 
= 


_ 


+ 
Fig. 50 Feedback Path Fig. 51 Neutralization Applied 


to the grid to cancel or neutralize the voltage introduced by 
the grid to plate capacity. This cancellation is indicated in 
the figure by the arrows which point in the opposite direc- 
tion. Iwo voltages of equal magnitude and opposite phase* 
are thus fed back to the grid circuit. This out-of-phase 
voltage neutralizes the voltage introduced through the grid 
to plate capacity. 


To provide neutralization toa stage, it is only necessary 
to center tap the coil and connect a small variable condenser 
called the neutralizing condenser, from the opposite end of 
the coil to the grid. This condenser is then varied to effect 
neutralization as explained under the operating procedure 
at the end of this Chapter. 


Construction of Two-Stage Transmitter 
Parts Required—The following parts are required to construct 
the two-stage transmitter: 


5  .002 Mfd. 1000 volt mica condensers, Cornell Dubilier 4-6D2 or 
Aerovox 1455. 
2 100 Mmfd. variable condensers, National Type T'MS-100 or 


equiv. 

1 .001 Mfd. 1000 volt mica condenser, Cornell Dubilier 4-6D1 or 
Aerovox 1455. 

1 .0001 Mfd. 1000 volt mica condenser, Cornell Dubilier 4-6T1 or 
Aerovox 1455. 

1 Neutralizing condenser, National Type NC-600 or equiv. 

1 50,000 ohm 1 watt resistor, Centralab or equiv. 

1 50,000 ohm 10 watt resistor, Ohmite Brown Devil or equiv. 

1 350 ohm 10 watt resistor, Ohmite Brown Devil or equiv. 

1 Crystal (select for desired amateur band), 


(Parts continued on following page.) 
*Additional information on Phase Page 146. 
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PARTS REQUIRED (Continued from previous page.) 
ype 6L6G tube. 
Type 6F6G tube. 
Telegraph key. 
Octal sockets, Amphenol S8 or equiv. 
4 prong sockets, Amphenol S4 or equiv. 
5 prong socket, Amphenol S5 or equiv. 
Stand-offs, Johnson No. 24 or equiv. 
RF choke, National R-100 or equiv. 
Phone jacks, circuit closing, Yaxley No. 702 or equiv. 
Phone plug, Yaxley No. 75 or equiv. 
214" Dials, Gordon No. 294 or equiv. 
Resistor mounting strip, Cinch 1510. 
2 to 10 Coil forms 4 prong, Hammarlund XP-53 or equiv. 
Pilot light socket. 
Pilot light, Mazda Type R 48. 
D.C. milliammeter 0-150 Ma., Triplett Model 227 or equiv. 
Fahnestock clips. 
Baseboard, 8” x 17” x 34” 


Miscellaneous nuts, bolts, wire, solder lugs, etc. 


If the crystal oscillator transmitter has been built pre- 
viously, the following parts are required for the construction 


of the buffer stage only: 

~ 2 002 Mfd, 1000 volt mica cond., Cor. Dub. 4-6D2 or Aerovox 1455. 
1 .0001 Mfd. 1000 volt mica cond., Cor. Dub. 4-6T1 or Aerovox 1455. 
1 Neutralizing condenser, National Type NC-600 or equiv. 
1 100 Mmfd. variable condenser, National Type TMS-100 or equiv. 
1 50,000 ohm 10 watt resistor, Ohmite Brown Devil or equiv. 
1 350 ohm 10 watt resistor, Ohmite Brown Devil or equiv. 
1 Type 6F6G tube. 

1 Octal socket, Amphenol S8 or equiv. 

1 4 prong socket, Amphenol 54 or equiv. 

2 

1 

2 

1 

1 
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Stand-offs, Johnson No. 24 or equiv. 

RF choke, National R-100 or equiv. 

Phone jacks, circuit closing, Yaxley No. 702 or equiv. 

Phone plug, Yaxley No. 75 or equiv. 

214" Dial, Gordon No. 294 or equiv. 

1 to 5 Coil forms 4 prong, Hammarlund XP-53 or equiv. 
1 Fahnestock clip. 
1 Resistor mounting strip, Cinch 1510. 
1> Baseboard, Wax. 

Miscellaneous nuts, bolts, solder lugs, wire, solder, etc. 
Mounting of Parts — The two-stage transmitter is built on an 
8"x17"x34" board as shown in Fig. 52. All sockets are 
mounted on a line approximately 3” from the back of the 
board. These sockets, as in the case of those used on the 
crystal oscillator transmitter, are mounted on 34” bushings 
to raise the sockets above the baseboard. The Fahnestock 
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Fig 52 Two-Stage Transmitter 


clips are mounted as shown in the photograph with 14” 
screws, solder lugs being placed between the screws and the 
clips. The various mica by-pass condensers are mounted 
as indicated in the photograph. Place two solder lugs under 
the mounting screws of C-5 and C-12. These will be used to 
mount the neutralizing condenser C-10. Similarly, place 
a solder lug under one of the mounting screws of C-9 (end 
near 6L6G socket). Mount the two variable condensers C-7 
and C-13 on the small stand-off insulators. The holes in the 
bottom of the variable condensers are tapped and the stand- 
off insulators screw directly into these holes. These insulators 
are then mounted to the baseboard directly in front of the 
coil sockets by means of 14” screws. The bakelite strip, 
Fig. 36, Page 60, with the two 2” holes on either side of the 
meter hole, is mounted to the baseboard, as shown, and the 
two jacks are mounted in the holes. The pilot light socket 
may be mounted in front of the crystal socket. 
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Wiring — Referring to the circuit diagram, Fig. 53, the 
wiring of the unit may begin by connecting a bus bar lead 
from clip 1 to one end of C-5 and C-12. This wire runs under 
the crystal socket, connects to one side of the pilot light 
socket, and runs the length of the board to one end of C-5 
and C-12. This lead may be considered the ground lead. 
Connect pin 2 of the crystal socket to pin 5 of the 6F6G 
socket and connect R-2 from this lead to the ground lead. 
One terminal of C-4 is then connected to pin 8 of the 6F6G 
socket and a wire lead run from this point to clip 6, to which 
the key connects. Pin 7 and the remaining terminal of C-4 
are connected to the ground lead. 


Connect pin 4 of the crystal socket to the remaining 
terminal of the pilot light socket. Connect clips 4 and 5 to 
pins 7 and 2 of both the 6F6G socket and the 6L6G socket. 
Connect clip 3 to pin 4 of the 6F6G socket and connect one 
end of C-5 to this same point. One end of C-6 is grounded 
to the ground lead. Connect pin 3 of the 6F6G socket to pin 
4 of the crystal coil socket. Also to this same point connect 
one end of C-9. Connect pin 1 of the coil socket to the frame 
of C-7 and also connect the stator of C-7 to pin 4 of the coil 
socket. Connect pin 1 of the coil socket to the remaining 
end of C-6. Connect the remaining end of C-9 to pin 5 of 
the 6L6G socket. To this same point connect one end of the 
RF choke RFC-1. Connect the other end of the RF choke 
to the resistor mounting strip and from this point run a wire 
to the solder lug placed under the mounting screw of C-9. 
R-3 then connects from this solder lug to the ground wire. 
Ground one end of C-11 and connect the other end to pin 8 
of the 6L6G socket. Mount R-4 between one end of C-11 
and connect the other end to the ground connection. Connect 
pin 3 of the 6L6G socket to pin 4 of the buffer coil socket 
and from this same point connect a lead to the stator of C-13. 
Connect a lead from pin 1 of the coil socket to the frame of 


C-13. 


The neutralizing condenser C-10 may now be mounted 
on the two solder lugs placed under the mounting screws of 
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C-5 and C-12. The frame or rotor of C-13 connects to one 
end of C-10 and the other end connects to pin 5 of the 6L6G 
socket. Pin 3 of the buffer.coil socket connects to the remain- 
ing end of C-12. Connect pin 4 of the 6L6G socket to clip 
3 at the back of the chassis. Connect a long lead from the 
junction of C-12 and the center tap of the coil to the bottom 
terminal of the right hand meter jack. The two remaining 
leads of the jack are then joined together and connected to 
clip 2. Run a lead from the junction of C-6 and the coil to 
the bottom lug of the remaining meter jack. Join the two 
remaining leads and connect them to clip 10. Connect pin 
2 of the buffer coil socket to one side of C-8 and connect the 
remaining terminal of C-8 to clip 8. 


The meter may now be mounted in the large meter hole 
of the bakelite strip and an 8” length of twisted wire con- 
nected to the meter terminals. These wires are then run 
through the hole just below the meter and connected to the 
meter jack, care being taken that the tip of the meter plug 
connects to the negative terminal of the meter. If the 
connections are not correct the meter will read backwards. 
The wiring of the unit has now been completed. 


Coil Data for the Two-Stage Transmitter 


ANTENNA TAP 
CONNECTS TO 
OUTSIDE OF 


Fig. 54 Bottom View of Coil L-2 


Coil L-1 — L-1 is the coil used for the crystal oscillator trans- 
mitter. However, the flexible lead which connects to pin 2 
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is not required in the crystal position. This lead may be 
disconnected since the voltage from the coil is taken directly 
from the plate through condenser C-9. 


Coil L-2 — L-2 is shown in Fig. 54. The only difference 
between it and L-1 is that L-2 is center tapped, the center 
tap being made to pin 3. The turns of both L-1 and L-2 are 
identical (see Page 65). In winding L-2, however, the hole 
for the center tap should be made exactly half way between 
the two end holes. 


Tuning Procedure — The clips of the transmitter are connected 
to the corresponding clips of the power supply in the usual 
manner. If the power supply has been used previously on 
the crystal oscillator transmitter, it 1s necessary to readjust 
the positions of the slider contacts on R-1 to obtain the 
proper voltages. The slider contacts A, C and B are placed 
52”, 14" and 214” respectively from the B + end of R-1. It 
is also necessary to add clip 10', which connects to slider C. 
Place the pilot light, tubes, crystal and oscillator coil in the 
proper sockets. The key is connected across clips 6 and 7 
and the filament switch turned on. The buffer coil is inserted 
only after the crystal oscillator stage has been tuned. After 
the meter plug has been inserted into the oscillator jack to 
read oscillator plate current the power supply switch may 
be turned on. The key is then held down and the oscillator 
tank condenser quickly tuned to resonance as indicated by 
minimum plate current. For stability the capacity of the 
tank condenser is slightly decreased. The plate supply 
switch may now be turned off and the buffer coil placed in 
its socket. 


Neutralizing Procedure — Before the buffer can be tuned the 
stage must be neutralized. To do this, disconnect the lead 
which runs from the meter jack to C-12. An RF indicator 
such as that shown in Fig. 55, is necessary for neutral- 
izing and this may consist simply of a pilot light bulb which 
is coupled to two or three turns of wire. ‘This coil is then 
slipped over the buffer tank coil to detect the presence of 
RF. The idea behind neutralizing is to tune the buffer tank 
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coil so that RF is introduced into this circuit directly from 
the crystal oscillator through the grid to plate capacity of 
the buffer tube. This tuning is done with the plate voltage 
disconnected from the buffer so that RF in the coil is intro- 
duced through the grid to plate capacity only. 


PILOT LIGHT 


TWO OR THREE BULB 


TURNS OF WIRE 


Fig. 55 RF Indicator 


The power supply switch may now be turned on and the 
buffer tank coil rotated until the light bulb indicates that 
RF is getting into the buffer tank coil through the grid to 
plate capacity of the buffer tube. The neutralizing con- 
denser C-10 is adjusted until the RF completely disappears. 
As the setting of C-10 is changed, it will be found that the 
resonance point in the tank circuit varies slightly. The 
setting of the neutralizing condenser may now be set with 
the lock nut. For best results the neutralizing condenser 
should be adjusted with an insulated wrench so that the 
capacity of the circuit is not changed as it would be if a metal 
screw driver were used. It will be found that the setting of 
the neutralizing condenser in general 1s broad enough so 
that it does not need to be changed when the coils are 
changed. The setting of the neutralizing condenser depends 
upon the position of the coil center tap and if this is made 
at the exact center no readjusting is required. 


The B + connection to L-2 may now be made and the 
meter plug inserted into the jack to read buffer plate current. 
The power supply switch may then be turned on and the 
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buffer tuned to resonance. It will be found that the position 
of the variable condenser for resonance is the same as that 
indicating maximum RF while neutralizing. The buffer 
may now be connected to the dummy antenna load as 
explained in connection with Fig. 41, Page 67. 


The neutralizing of the 6L6 stage should be complete 
enough to prevent the buffer from oscillating when the key 
is up. Oscillation in the buffer may be readily checked by 
the light bulb load or by means of the RF indicator, Fig. 55. 
The transmitter may be checked or monitored on the receiver 
in the usual way to determine the quality of the note. It 
may be necessary to completely remove the antenna from 
the receiver to prevent the receiver from being overloaded. 
If the operator has an amateur license the transmitter may 
be coupled to the antenna in the usual way through the 
coupling condenser C-8. 
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Now that preliminary transmitter experience, both theo- 
retical and practical, has been gained through the con- 
struction and operation of the two-stage transmitter, the 
reader should be in a position at this time to build and 
operate the larger three-stage transmitter. This trans- 
mitter is thoroughly modern in every respect and is typical 
of the many amateur stations now on the air. It may be 
operated with an input of 80 watts on CW or 50 watts on 
phone. The exciter unit for the transmitter uses the iden- 
tical parts used in the two previous transmitters, and in 
the circuit diagrams these parts are designated by the 
same numbers. 


General Description — The transmitter, as shown in the block 
diagram, Fig. 56, consists essentially of the two-stage trans- 
mitter to which is added another and larger stage using an 
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Fig. 56 Block Diagram of Three-Stage Transmitter 


809 tube. This tube is larger than either the 6F6G or the 
6L6G and it requires a separate power supply using a 
pair of 866 Jr. rectifier tubes. 
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Both the RF and the modulator units for the three-stage 
transmitter are built on the chassis type of construction 
similar to that of the receiver. Complete drawings are 
given so that no trouble should be encountered in building 
them. The 1014” panel for the CW section may be used 
with any of the standard 1014” cabinets on the market, or 
both the modulator and the RF units may be placed in 
any of the standard 1714” cabinets. For those who wish to 
operate phone this latter arrangement makes a very com- 
pact and neat looking transmitter (see Fig. 82, Page 124). 


Circuit Description — The RF tube lineup as shown in the 
circuit diagram, Fig. 65, Page 98, consists of a 6F6G oscil- 
lator, a 6L6G buffer or doubler and an 809 final. For a 
multi-stage transmitter such as this one, it is rather in- 
convenient to use meter switching and for this reason three 
separate meters are used. In the three-stage transmitter 
one meter is used in the plate circuit of the oscillator stage, 
one in the grid circuit of the 809 stage and the other in 
the plate circuit of the 809 stage. A meter is not used in 
the 6L6G buffer stage since the tuning of this stage is in- 
dicated by the grid current reading of the 809. If the reader 
wishes to use only one meter with the meter jacks, the 
wiring arrangement of the two-stage transmitter may be 
used with the meter mounted in the center hole of Fig. 62. 
The meter jacks may be placed below the meter hole. 


Operating Theory 


The three-stage transmitter introduces very little addi- 
tional theory over that already presented. The only new 
theory concerns the operation of the buffer-doubler stage 
and the use of the split stator condenser. 


Buffer-Doubler Stage — In the previous chapter the opera- 
tion of the buffer stage was described. The buffer stage is 
an amplifier used between the crystal oscillator and the 
final stage or merely between two stages. An amplifier 
stage is usually designated as a buffer when the grid and 
the tank circuits are tuned to the same frequency. The 
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same stage may be designated as a doubler or frequency 
multiplier if the tank circuit is tuned to some multiple of 
the frequency applied to the grid. This will be more fully 
described below. If an amplifier stage is to be used as a 
buffer for one frequency and as a doubler for some other 
frequency, it is usually designated as a buffer-doubler am- 
plifier, although actually the amplifier is one and the same 
stage. 


Frequency Multiplying — It is possible to tune the plate cir- 
cuit of an amplifier to a frequency which is a multiple of 
the frequency applied to the grid. If the grid of a tube 1s 
excited from a 7,000 Ke. crystal the plate reading of the 
amplifier will show a dip when the plate circuit is tuned to 
7,000 Ke., 14,000 Ke., 21,000 Kce., 28,000 Kc., etc. 

It was shown in connection with Fig. 47, Page 74, that 
the plate current of a buffer amplifier flows only on the 
positive halves of the cycle. As a matter of fact, the wave 
shape of the plate current is somewhat more distorted than 
that shown in Fig. 47 and instead of being a perfect sine 
wave it is in reality flat-topped, as shown in Fig. 57A, or 
has a pronounced depression, as indicated in Fig. 57B. 


DEPRESSION 


Fig.57A Plate Current Waves _ Fig. 57B 


This distorted wave may be considered the sum or re- 
sultant of the fundamental frequency and other frequen- 
cies which are multiples of the fundamental. This is shown 
roughly in Fig. 58 in which the plate current wave A con- 
sists of the fundamental sine wave B and the harmonics 
C. The resultant wave A is formed by adding the cor- 
responding parts of each of the waves B and C in the same 
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manner as the beat wave was illustrated in Fig. 17, Page 32. 
A given wave, however, contains more than one harmonic 
so that in reality the plate current wave would consist of 
the fundamental and the second, third, fourth, fifth, etc., 
harmonics. However, for the purpose of illustration, only 
a single harmonic is shown in Fig. 58. 


-- 


ut FUNDAMENTAL 
\ FS CURVE-8 


Fig. 58 Formation of Harmonics 


When the tank circuit is tuned to one of these harmonics, 
an output is obtained on that harmonic and the plate 
current dips. In general, the efficiency of a doubler or quad- 
rupler is not as high as a straight amplifier. There is, how- 
ever, in the case of the three-stage transmitter, enough 
power output from the 6L6 when used as a doubler to fully 
drive the 809. In order to have a doubler or quadrupler 
operate as efficiently as possible there must be adequate 
excitation applied to the grid to obtain the distorted plate 
current waves of Fig. 57A and B. 


Split Stator Condenser —In addition to the conventional 
tuning condenser there is also the split stator condenser 
which has a common rotor and two separate sets of fixed 
plates. This condenser is shown on the right hand side of 
Fig. 59. As shown in this illustration, the split stator con- 
denser may be considered two condensers in series, with the 
rotor as the common connection between the two sections. 
Tuning is thus done with the two sections in series. 
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Fig. 59 Sptit Stator Condenser (Right) 

Advantages — The split stator condenser has several advan- 
tages over the conventional type. The high voltage is com- 
pletely removed from the rotor and hence the shaft to which 
the tuning knob is connected. The split stator condenser is 
much better for the higher frequencies since the output 
capacity of the tube is effectively across only one-half of the 
coil instead of the entire coil. 


Neutralizing with a Split Stator Condenser — It was pointed out 
in the previous chapter that in order to neutralize it is only 
necessary to use a center tapped coil and to obtain the 
neutralizing voltage from the end of the coil opposite the 
plate end. The only difference between this method of 
neutralizing and the split stator method, Fig. 60, is that the 
NEULRARIZING CONDENSER 
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Fig. 60 Split Stator Neutralizing 


neutralizing center tap is obtained from the common rotor 
of the split stator condenser rather than from the tap on the 
coil. The coil tap is thus relatively unimportant so far as 
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neutralizing is concerned and it serves merely as a convenient 
point to supply the D.C. voltage. The voltage for neutral- 
izing is thus obtained from one-half of the condenser rather 
than from one-half of the coil and this method has the 
advantage that the position of the neutralizing condenser Is 
independent of the center tap on the coil. In the circuit of 
Fig. 60 the two ends of the split stator condenser are con- 
nected to the coil and the common rotor connection is 
grounded through a condenser C-1. The high voltage D.C. 
is fed into the center tap of the coil through a choke RFC, 
thus preventing the coil center tap from disturbing the neu- 
tralizing voltage. 


Construction of Three-Stage Transmitter 


Parts Required — The following parts are required to con- 
struct the three-stage transmitter: 


Thordarson T-19F76 filament transformer. 

Thordarson T-19P54 plate transformer. 

Thordarson T-19P56 plate transformer. 

Thordarson T-19F88 filament transformer. 

Thordarson T-19C39 swinging choke. 

Thordarson T-19C46 smoothing choke. 

Thordarson T-57C53 filter chokes. 

.002 Mfd. 1000 volt mica condensers, Cornell Dubilier 4-6D2 or 
Aerovox 1455. 

100 Mmfd. variable condensers, National type TMS-100 or equiv. 

100-100 Mmfd. variable condenser, Nat’l. TMC-100D or equiv. 

Neutralizing condenser, National type STN or equiv. 

.0001 Mfd. 1000 volt mica condensers, Cornell Dubilier 4-611 
or Aerovox 1455. 

Neutralizing condenser, National type NC-600 or equiv. 

.001 Mfd. 1000 volt mica condensers, Cornell Dubilier 4-6D1 or 
Aerovox 1455. 

2 Mfd. 1500 volt oil-filled condensers, Aerovox 1505 or equiv. 

.001 Mfd. 2500 volt mica condenser, Cornell Dubilier 9-12D1 or 
Aerovox 1456. 

80 Mmfd. plug-in fixed condenser, Card. JD-80-OS or equiv. 

4 Mfd. 475 volt electrolytic condensers, Aerovox P475 or equiv. 

4 Mfd. 600 volt electrolytic condenser, Aerovox PBS600 or equiv. 

7500 ohm 50 watt semi-variable resistor, Ohmite or equiv. 

50,000 ohm 1 watt resistor, Centralab or equiv. 

50, 000 ohm 10 watt resistor, Ohmite Brown Devil or equiv. 

350 ohm 10 watt resistor, Ohmite Brown Devil or equiv. 

3,500 ohm 10 watt resistor, Ohmite Brown Devil or equiv. 


(Parts continued on following page.) 
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eae REQUIRED (Continued from previous page.) 


WWD RH DO RRS RB Re bie 


0 ohm 10 watt center tapped resistor, Ohmite Brown Devil or 
equiv. 
20,000 ohm 50 watt resistor, Ohmite or equiv. 
Adjustable lugs, Ohmite No. 0358. 
Type 6F6G tube. 
Type 6L6G tube. 
Type 809 tube, RCA or GE. 
Type 5Z3 tube. 
Type 866 Jr. tubes, Taylor or equiv. 
5 prong socket, Amphenol S-5 or equiv. 
Octal sockets, Amphenol 8-8 or equiv. 
4 prong sockets, Amphenol S-4 or equiv. 
4 prong Isolantite sockets Amphenol RSS¢4 or equiv. 


2 to 10 Coil forms 4 prong, Hammarlund XP-53, or equiv. 
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RF chokes, National R-100 or equiv. 

Phone jack, circuit closing, Yaxley No. 702 or equiv. 

SPST switches, Arrow H & H No. 20993 or equiv. 

Line cord and plug. 

Feed-through bushings, Johnson No. 55 or equiv. 

Crystal (select for desired amateur bands). 

Telegraph Key. 

3-lug terminal strip, Jones No. 3-50. 

Grid clip, National type 12 or equiv. 

Steel chassis base, 17” x 12” x 4”, Par-Metal No. B-4530 or equiv. 

Chassis mounting brackets, Par-Metal No. SB-711 or equiv. 

Rack panel, 14”x1014"x19"”, Par-Metal No. G-3605 or equiv. 

D.C. Milliammeter, 150 Ma. full scale, 2” square case, Triplett 
No. 227 or equiv. 

D.C. Milliammeter, 100 Ma. full scale, 2” square case, Triplett 
No. 227 or equiv. 

D.C. Milliammeter, 250 Ma. full scale, 2” square case, Triplett 
No. 227 or equiv. 

Jack base for JK-80-OS condenser, Cardwell type JB or equiv. 

Dials, 214” diameter, Gordon Specialties Co. No. 294 or equiv. 

Stand-off insulators, National type GS-10 or equiv. 

Coil forms, National XR-13 or equiv. 

Plugs for XR-13 forms, National PB-5 or equiv. 

Base for PB-5 plug, National SB-5 or equiv. 

Resistor strip, Cinch 1510. 

Resistor strip, Cinch 13763. 

Name plate marked “OSCILLATOR,” standard line, 1144” x 34’, 
Gordon Specialties Co. 

Name plate marked ““POWER AMPLIFIER GRID,” standard 
line, 114” x 34”, Gordon Specialties Co. 

Name plate marked “POWER AMPLIFIER PLATE,” standard 
line, 114” x 3%", Gordon Specialties Co. 

Miscellaneous nuts, bolts, grommets, washers, wire, soldering 
lugs, etc. 


If the two-stage transmitter has been built previously 
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the following parts in addition to those used on the two- 


stage transmitter are required for the three-stage transmitter: 

1 Thordarson T-19P56 plate transformer. 

1 Thordarson T-19F88 filament transformer. 

2  Thordarson T-57C53 filter chokes. 

1 100-100 Mmfd. variable condenser, National TMC100D orequiv. 

1 Neutralizing condenser, National STN or equiv. 

1 .0001 Mfd. 1000 volt mica condenser, Cornell Dubilier 4-6T1 or 
Aerovox 1455. 

1 .001 Mfd. 1000 volt mica condenser, Cornell Dubilier 4-6D1 or 
Aerovox 1455. 

2 2 Mfd. 1500 volt oil-filled condensers, Aerovox 1505 or equiv. 

1 .001 Mfd. 2500 volt mica condenser, Cornell Dubilier 9-12D1 or 
Aerovox 1456. 

1 80 Mmfd. plug-in fixed condenser, Cardwell Type JD-80-OS 


or equiv. 


1 3,500 ohm 10 watt resistor, Ohmite Brown Devil or equiv. 

1 20 ohm 10 watt center tapped resistor, Ohmite Brown Devil or 
equiv. 

1 20,000 ohm 50 watt resistor, Ohmite or equiv. 

1 Type 809 tube, RCA or GE 

2 Type 866 Jr. tubes, Taylor or equiv. 

2 4 prong sockets, Amphenol S-4 or equiv. 

3 4 prong Isolantite sockets, Amphenol RSS4 or equiv. 

2 RF chokes, National R-100 or equiv. 

2  Feed-through bushings, Johnson No. 55 or equiv. 

1 3-lug terminal strip, Jones No. 3-50. 

1 Grid clip, National type 12 or equiv. 

1 Steel chassis base, 17”x12”x4”, Par-Metal No. B-4530 or equiv. 

2 Chassis mounting brackets, Par-Metal No. SB-711 or equiv. 

1 Rack panel, 14%"x1014"x19"”, Par-Metal No. G-3605 or equiv. 

1 D.C. Milliammeter, 100 Ma. full scale, 2” square case, Triplett 
No. 227 or equiv. 

1 D.C. Milliammeter, 250 Ma. full scale, 2” square case, Triplett 


No. 227 or equiv. 
1 Jack base for JK-80-OS condenser, Cardwell Type JB or equiv. 
1 Dhial, 214” diameter, Gordon Specialties Co. 294 or equiv. 
0 Stand-off insulators, National type GS-10. 
1 to 4 Coil forms, National XR-13 or equiv. 
1 to4 Plugs for XR-13 forms, National PB-5 or equiv. 
1 Base for PB-5 plug, National SB-5 or equiv. 
1 Resistor strip, Cinch No. 13763. 
1 Name plate marked “OSCILLATOR,” standard line, 114’x3%’, 
Gordon Specialties Co. 
1 Name plate marked “POWER AMPLIFIER GRID,” standard 
line, 114” x 34”, Gordon Specialties Co. 
1 Name plate marked “POWER AMPLIFIER PLATE,” standard 
line, 114” x 34”, Gordon Specialties Co. 
Miscellaneous nuts, bolts, grommets, washers, wire, soldering 
lugs, etc. 
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Fig. 61 Chassis Drawing of RF Section 


Construction — The drawing of the chassis for the RF section 
is shown in Fig. 61. Care must be taken in drilling the holes, 
particularly those which are common to both the chassis 
and the panel. All holes which are shown dimensioned from 
the center line should be so laid out since this method 
eliminates errors due to variations in chassis dimensions. 
Likewise, the panel layout (Fig. 62) should be dimensioned 
from the center line for all holes which are common to both 
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Fig. 62 Panel Layout 


the panel and the chassis. The holes on the front of the 
chassis to which the stand-off insulators are fastened should 
be slightly counter-sunk. Although the socket holes could 
be made by means of a drill it is recommended that a socket 
punch be used. The rectangular hole for the coil mount may 
be made with a chisel, or it may be drilled and the edges filed. 


Mounting of Parts — Actual construction of the transmitter 
may be started by mounting the various parts. This particu- 
larly applies to the various mica condensers as shown in 
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Figs. 63 and 64. They may be mounted with regular 114” 
6-32 screws. The mounting holes for these mica condensers 
are different for the Cornell Dubilier and Aerovox conden- 
sers. [he dimensions are 126” for the Cornell Dubilier and 
114” for the Aerovox. These dimensions are marked with a 
heavy arrow in Fig. 61 and they should be changed to 144” 
for the Aerovox types. Care should be taken that the chassis 
holes line up with the condenser holes since the condensers 
may otherwise crack when the screws are tightened. The 
various sockets may also be mounted as shown in Fig. 64. 
The three variable condensers, C-7, C-13 and C-18 may be 
mounted to the front of the chassis by means of the small 
84” cone insulators. ‘The cone insulators should first be 
fastened to the condensers and then to the chassis with 
short flathead screws. Iwo cone insulators are screwed 
directly to the mounting bolts of the mica condensers C-5, 
C-11 and C-12. These cones are used to mount the neutral- 
izing condenser C-10. 


Fasten two of the insulators to the bottom of the chassis 
between C-18 and the end of the chassis. One of these 
fastens directly to the screw which holds the coil base to the 
chassis and it may be fastened after the coil base is mounted. 
Similarly mount the various resistor-mounting strips as 
shown in Fig. 64. These are used to provide rigid support 
for the various RF chokes and resistors. Now mount the two 
resistors R-1 and R-7 as indicated. The two filter conden- 
sers C-20 and C-21 are mounted in the two holes as indicated 
in Fig. 64. Before the bands on the condensers are tightened 
they should be fastened securely to the chassis. One of the 
mounting lugs of R-1 fastens to the mounting screw of C-20. 


Before the various chokes and transformers are mounted, 
the wiring to the 866 Jr. sockets should be completed. The 
rectifier transformer I-19 88 (T-4) may be mounted on the 
back of the chassis as indicated, with at least 8-32 or 10-32 
screws. The secondary of T-4 is connected to pins 1 and 4 
of both 866 Jr. sockets. The plate transformer T-19P56 
(T-3) is then mounted on top of the chassis, as indicated in 
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Fig. 65 Schematic Diagram of Three-Stage Transmitter 
Thordarson Transformers and Chokes Resistors 
T-1 T-19F76 Filament Transformer. R-1 7,500 ohm 50 watt semi-variable, Ohmite or equiv. 
T-2 T-19P54 Plate Transformer. R-2 50,000 ohm 1 watt, Centralab or equiv. 
T-3  T-19P56 Plate Transformer. R-3 50,000 ohm 10 watt, Ohmite Brown Devil or equiv. 
T-4 T-19F88 Filament Transformer. R-4 350 ohm 10 watt, Ohmite Brown Devil or equiv. 
CH-1 T-19C39 Swinging Choke. R-5 3,500 ohm 10 watt, Ohmite Brown Devil or equiv. 
CH-2 T-19C46 Smoothing Choke. R-6 20 ohm 10 watt center-tapped, Ohmite Brown Devil 
CH-3 T-57C53 Filter Choke. or equiv. 
CH-4 T-57C53 Filter Choke. R-7 20,000 ohm 50 watt, Ohmite or equiv. 
Condensers 


C-1 4 Mfd. 600 volt elec., Aerovox PBS 600 or equiv. 

C-2. 4 Mfd. 475 volt elec., Aerovox P-475 or equiv. 

C-3. 4 Mfd. 475 volt elec., Aerovox P-475 or equiv. 

C-4 .002 Mfd. 1000 volt mica, Cornell Dubilier 4-6D2 or Aerovox 1455. 
C-5 .002 Mfd. 1000 volt mica, Cornell Dubilier 4-6D2 or Aerovox 1455. 
C-6 .002 Mfd. 1000 volt mica, Cornell Dubilier 4-6D2 or Aerovox 1455. 
C-7 100 Mmfd. variable, National type TMS-100 or equiv. 

C-8 .001 Mfd. 1000 volt mica, Cornell Dubilier 4-6D1 or Aerovox 1455. 
C-9 .0001 Mfd. 1000 volt mica, Cornell Dubilier 46T1 or Aerovox 1455. 
C-10 Neutralizing condenser, National type NC600 or equiv. 

C-11 .002 Mfd. 1000 volt mica, Cornell Dubilier 4-6D2 or Aerovox 1455. 
C-12 .002 Mfd. 1000 volt mica, Cornell Dubilier 4-6D2 or Aerovox 1455. 
C-13 100 Mmfd. variable, National type TMS100 or equiv. 

C-14 .0001 Mfd. 1000 volt mica, Cornell Dubilier 46T1 or Aerovox 1455. 
C-15 Neutralizing condenser, National STN or equiv. 

C-16 .001 Mfd. 1000 volt mica, Cornell Dubilier 4-6D1 or Aerovox 1455. 
G-17 .001 Mfd. 2500 volt mica, Cornell Dubilier 9-12D1 or Aerovox 1456. 
C-18 100-100 Mmfd. variable, National TMC100D or equiv. 

C-19 80 Mmfd. plug-in fixed, Cardwell JD-80-0S or equiv. 

C-20 2. Mfd. 1500 volt oil-filled, Aerovox 1505 or equiv. 

C-21 2 Mfd. 1500 volt oil-filled, Aerovox 1505 or equiv. 


Meters RF Chokes 
M-l 0-150 MA., Triplett 227 or equiv. RFC-1 National R-100 or equiv. 
M-2 0-100 MA., Triplett 227 or equiv. RFC-2 National R-10U or equiv. 
M-3 0-250 MA., Triplett 227 or equiv. RFC-3 National R-100 or equiv. 
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Fig. 66, and its high voltage secondary leads are then con- 
nected to pins 2 of the 866 Jr. sockets. If the transmitter is 
to be used on CW only the red secondary leads are connected 
to pins 2 and the yellow leads are taped. If the transmitter 
is operated on phone the two yellow leads are connected to 
the sockets and the red leads are taped. The transformers 
T-19F76 (T-1) and T-19P54 (T-2) are then mounted on 
the top of the chassis as shown in Fig. 66. The remaining 
transformers and chokes T-19C39 (CH-1), T-19C46 (CH-2), 
T-57C53 (CH-3) and T-57C53 (CH-4) are mounted under- 
neath as indicated. The filter condensers C-1, C-2 and C-3 
may now be mounted on the side of the chassis as shown in 
Fig. 63. The mounting screws for the condensers should be 
6-32 flatheads since the side bracket fastens to the chassis 
over the heads. 


Wiring — First connect pin 2 of the crystal socket to pin § 
of the 6F6G socket. Run a length of bus wire from pin 4 of 
the crystal socket to one end of R-1. This lead runs directly 
to the buffer coil socket and is then turned at right angles to 
connect to R-1. This lead is then continued to one end of 
C-20 and C-21. It may be considered the ground lead. To 
this lead connect the red and yellow center tap of the power 
transformer T-3. Connect a wire from pin 8 of the 6F6G 
socket to one end of C-4 and also to one side of the key jack 
which is placed in the hole at the back of the chassis. The 
other two contacts of the jack are joined together and then 
connected to the chassis ground. Mount R-2 from pin 5 of 
the 6F6G socket to pin 4 of the crystal socket. Connect pin 
4 of the 6F6G socket to one side of C-5 and ground the other 
ends of C-5, C-11, C-12 and also C-4 and C-6. Connect pin 
3 of the 6F6G socket to pin 4 of the oscillator coil socket 
and from this same point connect a lead to the stator of C-7. 
Pin 1 of the crystal coil socket should be connected to the 
frame of C-7 and also to the remaining end of C-6. A length 
of wire is connected from this point and run through grom- 
met hole A to be connected to the negative side of the meter 
M-1. Connect one side of C-9 to pin 4 of the crystal coil 
socket and connect the other end of C-9 to pin 5 of the 


6L6G socket. 
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Mount the choke RFC-1 between the grid end of C-9 and 
the resistor mounting strip 1. R-3 then connects from this 
point to the chassis ground. Connect pin 5 of the 6L6G 
socket to one side of the neutralizing condenser C-10 which 
is mounted on two cone insulators fastened to the mounting 
screws of C-5, C-11 and C-12. The other end of the neutral- 
izing condenser connects to pin 1 of the buffer coil socket. 
Connect one side of C-11 to pin 8 of the 6L6G socket. R-4 
may then be mounted from this point to the chassis ground. 
Connect C-5 to pin 4 of the 6L6G socket. Also connect one 
side of C-12 to pin 3 of the buffer coil socket. Connect pin 
3 of the 6L6G socket to the stator of C-13 and also connect 
a wire from this point to pin 4 of the buffer coil socket. 
Connect a wire from pin 1 of the buffer coil socket to the frame 
of C-13. Connect one end of C-14 to pin 3 of the 6L6G socket 
and connect the other end of C-14 to pin 3 of the 809 socket. 


Connect RFC-2 from C-14 to one side of the resistor 
mounting strip 2 across which R-5 is connected. A wire is 
then connected from the end of R-5 and run through 
grommet hole B to be connected to the negative end of 
M-2. Connect pins 1 and 4 of the 809 socket to pins 2 and 7 
of both the 6F6G socket and the 6L6G socket and connect 
them to the brown and the green leads of T-1. One end of C-8 
and C-16 is then connected to pins 1 and 4 of the 809 socket 
and a wire run from the remaining leads to the ground con- 
nection. [he center-tapped resistor R-6 is then placed across 
pins 1 and 4 and the center tap grounded. The neutralizing 
condenser C-15 may then be mounted on two cone insulators 
on the top of the chassis and a wire run from pin 3 of the 
809 socket up through grommet hole D to the stator of 
C-15. The base for the plug-in condenser is then mounted 
on the top of the chassis and two leads are connected to 
the outside prongs of the coil mounting base and a well- 
insulated lead connected to the center tap. The two outside 
leads are then run to the leads of the base of C-19 which 1s 
mounted on two bushings. 


If 160 meter operation is not desired, C-19 may be omitted. 
The stator of C-15 is connected to the near end of C-19 if 
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Fig. 66 Top View of RF Chassis 


the latter is used. An insulated wire is then connected from 
the other end of C-19 to be connected to the cap of the 809. 
Connect two lengths of well-insulated wire to both ends of 
C-19 and bring them through the rectangular hole to be 
connected to the two sections of C-18. Similarly bring a 
length of well-insulated wire from the center tap of the coil 
base through the rectangular hole to one of the cone insula- 
tors between C-18 and the end of the chassis. The RFC-3 
choke is then mounted between the two cone insulators. 
The other end of RFC-3 connects to one end of C-17. The 
other end of C-17 is grounded. This same end of RFC-3 also 
connects to one of the feed-through insulators at the back 
of the chassis between CH-3 and CH-4. A length of well- 
insulated wire is then run from the remaining feed-through 
insulator B up through grommet hole C at the front of 
the chassis to be connected to the negative side of M-3. 


If the transmitter is used on CW only, the feed-through 
insulators at the back of the chassis are not required and 
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a length of well-insulated wire will be run from the junction 
of C-17 and RFC-3 through the grommet hole to the meter. 
Ground the frame of C-18. If this ground is properly made 
it will also serve as a support for the rear end of the con- 
denser C-18. Connect the yellow leads of T-1 to pins 1 and 
4 of the 5Z3 socket. Also connect the red leads of T-2 to pins 
2 and 3 of the 5Z3 socket. The red and yellow center tap of 
T-2 is then grounded. Connect one end of CH-1 to pin 4 of 
the .5Z3 socket and connect the remaining lead of CH-1 to 
one lead of CH-2 and to this point connect the red lead of 
-C-1. This joint should be well taped. Connect the other end 
of CH-2 to the remaining end of R-1 and also to this same 
point connect the red lead of C-2. 


Only two slider contacts on R-1 are required for this trans- 
mitter. To the slider contact near the B+ end of R-1 con- 
nect the red lead of C-3 and run a lead from this point up 
through grommet hole A to be connected to the posi- 
tive end of M-l. To the remaining slider connect a lead 
from pin 4 of the 6F6G socket. The B+ end of R-1 is then 
connected to pin 3 of the buffer coil socket. Ground the 
black leads of C-1, C-2 and C-3. The setting of the vaiiable 
clips on R-1 is given in Fig. 64. Connect one end of CH-3 to 
the center tap of T-4 and connect the other end of CH-3 to the 
free end of C-20. To this same point also connect one end of 
CH-4 and connect the remaining end of CH-4 to the terminal 
of C-21. Also connect to this same point one end of R-7. 
The remaining end of R-7 is then grounded to the wire 
between the negative terminals of C-20 and C-21. 


A length of well-insulated wire is then run from the posi- 
tive end of R-7 up through grommet hole C to be con- 
nected to the positive terminal of M-3. Mount the three- 
post terminal strip in the rectangular hole at the back of the 
chassis. Connect a lead from the left hand terminal to one 
of the black leads of T-1, T-2, T-3 and T-4. Connect a lead 
from the center terminal to one of the terminals of the fila- 
ment switch SW-1. The remaining terminal of SW-1 in the 
left hand hole connects to the remaining black leads of T-1 
and T-4. Connect a lead from the right hand terminal of 
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the three-post terminal strip to one terminal of SW-2. The 
other terminal of SW-2 connects to the remaining black 
leads of T-2 and T-3. The wiring has now been completed. 


Mounting of the Panel — Before the panel is mounted the 
indicator plates may be fastened with small brass brads. 
The heads of the brads should be laid on a piece of iron and 
the back of the brads flattened with a hammer. The three 
meters, M-1, M-2 and M-3 are mounted from left to right 
in the order named. Side brackets are then mounted to the 
front of the panel and the whole assembly is fastened to the 
chassis. Before the screws are tightened the two switches 
SW-1 and SW-2 should be mounted in the holes between 
the tuning condenser shafts. The panel may now be fastened 
securely to the chassis and the dials connected to the shafts. 
The connections are made to the three meters and a wire 
run from the positive terminal of M-2 to the chassis ground. 


Fig. 67 Front View of RF Chassis 
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Coil Data — The two coils L-1 and L-2 are those used both 
on the crystal oscillator transmitter and on the two-stage 
transmitter (See Pages 82 and 65). The coil L-3 for the 
amplifier plate circuit is wound on the National XR13 coil 
form. The winding lengths shown for this coil should be 
carefully followed. The ends of the coil are brought to the 
end terminals on the coil base and the center tap to the center 
terminal. In the photograph, Fig. 68, a thiee-turn link is 
wound around the center of the coil and brought to the two 


terminals on either side of the center tap. This link is used 


Fig. 68 Coil L-3 


to couple the transmitter to the doublet antenna as described 
at the end of this chapter. It will be noted that the same L-3 
coil is indicated for both 160 meters and 80 meters. For 160 
meters, however, it is necessary to insert the plug-in con- 
denser C-19. On 80 meters the coil is tuned with C-18 only. 


Winding Data 
Band Winding Length Turns Wire Size 


160 Ad 18 
80 134” 18 


40 234" 18 
20 My 16 
(Be eT0 114" 16 
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For the three-stage transmitter It is not necessary to use the 
flexible lead on either L-1 or L-2. This lead on these two 
coils is merely disconnected. 


Operation of the Three-Stage Transmitter —The A.C. line cord 
may be connected to terminals 1 and 2 at the back of the 
chassis. For CW a jumper wire is connected from terminal 
2 to terminal 3. The feed-through insulators A and B should 
be connected together and all tubes with the exception of the 
two 866 Jrs. inserted in their sockets. The filament switch 
SW-1 should be turned on and approximately 30 seconds 
allowed for the tubes to heat. 


The first operation is to neutralize* the 6L6G buffer stage 
and to do this the B + connection to the buffer coil should 
be disconnected from the end of R-1. The correct coils and 
crystals should be inserted in their sockets and the plate 
switch turned on. The oscillator tank circuit is then tuned 
to resonance as indicated by the dip in M-1. This circuit is 
then tuned to a slightly higher frequency to increase the 
crystal stability. A small flashlight bulb coupled to a few 
turns of wire (see Fig. 55, Page 84) may now be slipped over 
the buffer coil and the buffer-tank condenser C-13 tuned 
for maximum brilliance of the bulb. The 6L6G stage may 
then be neutralized by adjusting C-10 preferably with an 
insulated wrench. After the correct position of C-10 has 
been found it may be secured with the lock nut. 


The plate supply switch may be turned off, the B + con- 
nection of the buffer made to R-1 and the switch again 
turned on. The buffer is tuned to resonance as indicated by 
the maximum grid current of the 809 stage shown on meter 
M-2. The plate supply switch may now be turned off. The 
neutralizing condenser C-15 is turned to minimum Capacity 
and the neutralizing indicator placed over L3. The plate 
supply switch may again be turned on and C-18 tuned for 
maximum brilliance of the bulb. It will be noted at this 
point that the reading of M-2 has dipped practically to zero. 


*See Page 83, 
- 105 - 


AMATEUR Rapio — A BEGINNERS GUIDE 


The neutralizing condenser C-15 may then be adjusted until 
the RF has been completely removed from the tank coil. It 
may be necessary to readjust C-13 as well as C-18 for maxi- 
mum brilliance of the bulb. 


A stage may sometimes be neutralized by means of the 
reading of M-2 only; however, the method using the bulb is 
much more accurate. 

The plate supply switch may now be turned off and the 
866 Jr’s. inserted in their sockets. After approximately 30 
seconds the switch may again be turned on and the tank 
circuit of the 809 stage adjusted for minimum dip. The 
transmitter has now been completely tuned and it may be 
coupled to a dummy load or to a single wire-fed antenna, 
or to a doublet antenna. 


Coupling the Transmitter to the Doublet Antenna — In addition 
to the single wire-fed antenna there is also another very 
simple type called the doublet. This doublet is one-half wave 
length long and is coupled to the transmitter by means of a 
twisted pair transmission line. The transmission line handles 
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Fig. 69 Doublet Antenna 


very low voltage and it is as convenient to handle as a 

regular electric light cord. The transmission line to the 

doublet may consist even of a twisted lamp cord, the impe- 

dance of which is approximately that of the center of the 

doublet. The doublet is coupled to the line by means 

of a fanned Y such as that shown in Fig. 69. The dimensions 
- 106 - 


vee ee eee 


THREE-STAGE [TRANSMITTER 


of the Y will vary with the location of the antenna and the 
dimension D will be from 6” to 18” with a good average at 
12”. For best results a twisted pair with water proofing 
should be used and there are several good types on the mar- 
ket. ‘The twisted pair transmission line is extremely easy 
to couple to the tank coil since it is only necessary to wind 
a few turns of wire around the center of the tank and connect 
them to the transmission line. The amount of loading may 
be varied by changing the number of turns on the link. The 
link on the coil should be wound with well-insulated wire 
so that there is no possibility of insulation breakdown 
between the link and the coil itself. If it is desired to couple 
the transmitter to the single wire antenna, it is only neces- 
sary to couple it to the tank coil through a .001 mica 
condenser. 
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Phone Operation —In a CW transmitter, intelligence is 
conveyed or transmitted by the systematic interruption of 
the radio wave. The beat oscillator in the receiver is used 
to detect these interruptions. Intelligence may also be 
conveyed by superimposing an audio signal on the radio 
wave. Ihe amplitude of the radio wave may then be made 
to vary in accordance with the superimposed audio. Fig. 70 
shows an RF carrier wave A which, for CW, is broken 
systematically as shown at B. For phone work an audio 
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Fig. 70 RF Carrier Waves 


signal is superimposed upon the carrier as shown at C. 
Intelligence is thus transmitted by the variations in the 
carrier. The carrier itself does not convey intelligence but 
is merely a convenient method for carrying the super- 
imposed audio signal. A phone-modulated carrier may be 
considered a carrier wave which is surmounted by the audio 
signal. 


Percentage of Modulation — A CW transmitter may be con- 
verted to a phone transmitter by merely modulating or 
varying the carrier in accordance with an audio signal. The 
percentage of modulation or the amount of variation in the 
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carrier is illustrated in Fig. 71A. The RF wave rises from 
a to b and decreases to c. The percentage of modulation is 
If the audio wave is symmetrical the carrier 
Ponot be modulated in excess of 100 per cent without 
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introducing serious distortion. For modulation greater than 
100 per cent (overmodulation) the lower part of the wave 
(as at d, Fig. 71B) is entirely cut off and audio distortion 
results. Carrier cut-off at point d also causes severe inter- 
ference or side band splatter to stations on adjacent channels. 


Method of Applying Modulation — There are a number of 
ways of varying the RF voltage in accordance with the audio 
signal. The simplest and most practical of these methods 
is plate modulation in which the plate supply for the RF 
stage is varied at an audible rate. This is shown more clearly 
in Fig. 72 in which the current of the modulated (Class C) 


MODULATORS CLASS C” STAGE 


600%. | 
Fig. 72 Applying Modulation 
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stage flows through the secondary of the modulation trans- 
former. If the Class C voltage supply is 600 volts and if the 
peak audio signal developed across the secondary of the 
modulation transformer is 600 volts the effective voltage 
applied to the Class C stage will vary between 1200 volts and 
zero. On one-half cycle the 600 volt peak from the modu- 
lation transformer will add to the supply voltage and on the 
other half of the wave the two will subtract. The effective 
voltage on the Class C stage thus varies from 1200 volts to 
zero and the strength of the carrier varies accordingly. With- 
out a voice signal an audio voltage is not developed across 
the modulation transformer and only the power supply 
voltage of 600 volts is effective in producing the carrier. 
Only when modulation is applied does the effective supply 
voltage to the Class C stage vary to change the carrier 
envelope accordingly. Actually, modulation may take place 
by any means which varies the plate voltage. If the plate 
voltage of the Class C stage could be manually varied at, say 
500 times per second, the carrier voltage will vary accord- 
ingly and a 500 cycle note would be heard on the carrier. 


Detection for Phone Reception — The receiver described in 
Chapter III, may be used for phone as well as for CW 
reception. For phone, however, it is not necessary that the 
detector oscillate since the carrier is continuous and the 
amplitude is varied. The method of detection for a phone 
signal is the same as that described on Page 30 for the audio 
beat note. The carrier produces a steady bias across the grid 
leak in Fig. 16 which results in a certain value of plate cur- 
rent flow. It was pointed out that a change in the bias on 
the grid leak would cause a change in the plate current. The 
audio wave superimposed on the carrier varies the bias and 
causes the plate current to vary above and below the value 
determined by the carrier. For phone reception, instead of 
developing a beat note which changes the bias at an audible 
rate, the bias varies in exact accordance with the audio 
signal superimposed upon the carrier. 


Audio Power for Modulation — Since the modulating voltage 
increases and decreases the plate power supplied to the Class 
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C stage, a certain amount of audio power is required for 
modulation. The required audio power is one-half the Class 
C input. In order to modulate a Class C input of 50 watts, 
25 watts of audio are required from the modulators. 


Modulator Essentials — A complete modulation unit may con- 
sist of a microphone, a speech amplifier or means of amplify- 
ing the microphone output, and finally the modulator stage 
itself which delivers the required power to the Class C stage. 


Microphones— There are several types of microphones avail- 
able at the present time and each has its advantages. One 
very popular type in common use Is the crystal microphone. 
This microphone consists of two pieces of Rochelle salt 
crystal which are actuated by the sound wave and produce 
an audio voltage across the microphone terminals. This 
voltage is very small and it must be amplified by the speech 
amplifier to the point that enough voltage is developed to 
fully excite the grids of the modulators. In the circuit of 
Fig. 79 the microphone is connected across the input termi- 
nals so that the output of the microphone is impressed 
between the grid of the first tube and ground. It will be 
noted that the cable to the microphone is well shielded, the 
purpose of the shielding being to reduce hum pick-up in 
wiring. 

Speech Amplifier — The speech amplifier is the connecting 
link between the microphone and the modulators. Its pur- 
pose is to build up the small output of the microphone to a 
voltage sufficiently high to fully excite the modulators. 
Since the microphone voltage is extremely low, the first 
stages of the speech amplifier are essentially voltage gain 
stages, the operating conditions of which are such that the 
gain is maximum. A voltage gain of 100 may easily be 
obtained from a 6J7. The second tube is likewise a voltage 
amplifier since the output of the 6J7, even with a gain of 100, 
is still very low. The output of the second stage is fed into 
another stage or directly into the modulator, depending upon 
the voltage gain desired and upon the output of the micro- 
phone. 
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Modulators — The purpose of the modulators is to deliver the 
required power for modulation. To do this the modulator 
grids must be fully excited by the signal from the speech 
amplifier. A number of modulators may be used and at the 
present time the Class B system* of modulation is most 
popular. However, for lower power output (up to approxi- 
mately 50 watts) Class ABT operation is somewhat more 
desirable and in the modulator about to be described a pair 


of 6L6 tubes are operated Class AB1. 


Resistance-Coupled Audio Stage — Most of the high gain low 
level audio stages are resistance coupled. This method is 
used to take full advantage of the high plate resistance tubes 
such as the 6J7 and the 6F5. A resistance-coupled stage is 
shown in Fig. 73. The audio signal from a microphone or 
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Fig. 73 Resistance Coupling 


from a previous audio stage is applied to the grid of the tube 
through condenser C-1. The bias is developed across R-2 
by virtue of the plate current which flows from B + through 
the plate resistor R-3, the tube, and from the cathode to 
ground. The polarity of this voltage is such that it is positive 
at the cathode and negative at the ground to which the grid 
return is connected through R-1. There is thus a voltage 
between the cathode and the grid so that the grid is negative 
with respect to the cathode. 


Circuit Operation — In an amplifier of this type the peak 
voltage applied to the grid must be less than the bias. If the 


* Additional information on Class B Page 143. 
+ Additional information on Class AB Page 143. 
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bias of the stage in Fig. 73 is 3 volts the peak signal which 
may be applied to the grid is 3 volts. If the peak signal is 
higher than this value the grid goes positive with respect to 
the cathode on the positive half of the cycle and grid current 
flows, thus placing a load on the previous stage. Assuming 
that the B + voltage applied to the stage of Fig. 73 is 250 
volts, and assuming that the circuit conditions are such that 
the plate current is 1 Ma. at this voltage the operation of the 
stage is as follows: The 1 Ma. current on flowing through 
the plate resistor R-3 produces a voltage drop across R-3 so 
that the voltage actually on the tube is less than the supply 
voltage. If the value of R-3 is 100,000 ohms the drop in 
voltage across R-3 is 100,000 times .001 or 100 volts. The 
voltage across the tube is then 250 — 100 or 150 volts. If 
the correct bias for this operation is 3 volts the value of 
cathode resistor R-2 is y; or 3000 ohms. As an A.C. signal 
is applied to the grid, the plate current varies above and 
below 1 Ma. Referring to Fig. 74, if an A.C. signal having 
a peak value of 1 volt is applied the actual grid bias on the 
peak of the positive half of the swing will be 3—1 or 2 volts. 
This reduced bias increases the current flow through R-3. 


Signal Voltage in Plate Circuit —— Assuming that the current 
increases from 1 Ma. to 1.2 Ma., the voltage drop across the 
resistor R-3 becomes 100,000 x .0012 or 120 volts as shown 
in Fig. 74. On the negative half of the input wave the bias 
is 3 + 1 or 4 volts, and the plate current decreases aceord- 
ingly. If the amplifier does not introduce distortion, the 
plate current decrease will be as great as the plate current 
increase and the plate current would decrease from 1 Ma. 
to .8 Ma. The voltage drop across R-3 would thus be 100,000 
x .0008 or 80 volts. 


It may thus be seen that the voltage drop across R-3 
varies in accordance with the A.C. voltage applied to the 
grid. This varying voltage across R-3 may be considered an 
A.C. voltage which may be applied to the grid of the follow- 
ing stage through C-3* which stops the flow of the direct 
current from the plate supply. 


* Additional information on Condensers Page 132 
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As shown in the above example the voltage across R-3 
increases from the normal value of 100 volts to 120 volts 
and then decreases to 80 volts. The input and output waves 
may be followed point by point in Fig. 74. The peak A.C. 
voltage developed across R-3 and passed on to the following 
stage is thus the difference between 120 and 100 or 20 volts. 
The gain of the stage is 20 since one volt input produces an 
output voltage of 20 volts. 


Parts Required — The following parts are required to construct 
the modulator unit: 


el ee ee ee 


(Parts continued on following page.) 
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Fig. 74 Action of Resistance Coupled Stage 


Construction of Modulator 


Thordarson T-19F76 filament transformer. 

Thordarson T-19P54 plate transformer. 

Thordarson T-74A31 push-pull input transformer. 
Thordarson T-19M14 universal modulation transformer. 
Thordarson T-17COOB filter choke. 

Thordarson T-13C27 filter choke. 

5 megohm 14 watt caibon resistor, Centralab or equiv. 
5000 ohm 14 watt carbon resistor, Centralab or equiv. 
25,000 ohm 14% watt carbon resistor, Centralab or equiv. 
250,000 ohm 1% watt carbon resistor, Centralab or equiv. 
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PARTS REQUIRED (Continued) 
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500,000 ohm 14 watt carbon resistor, Centralab or equiv. 

1 megohm volume control, Centralab N-104 or equiv. 

2,500 ohm 14 watt carbon resistor, Centralab or equiv. 

100,000 ohm 1 watt carbon resistor, Centralab or equiv. 

250,000 ohm 14 watt carbon resistor, Centralab or equiv. 

1,000 ohm 1 watt carbon resistor, Centralab or equiv. 

50,000 ohm 1 watt carbon resistors, Centralab or equiv. 

20,000 ohm 1 watt carbon resistors, Centralab or equiv. 

150 ohm 25 watt resistor, Ohmite or equiv. 

2,500 ohm 25 watt resistor, semi-variable, Ohmite or equiv. 
12,000 ohm 25 watt resistor, Ohmite or equiv. 

.0001 Mfd. 500 volt mica condensers, Cornell Dubilier 5W-5T1 or 
Aerovox 1468. 

10 Mfd. 25 volt electrolytic condensers, Cornell Dubilier BR-102 
or Aerovox PR-25. 

.1 Mfd. 400 volt paper condensers, Cornell Dubilier DT-4P1 or Aero- 
vox 484. 

Triple 8 Mfd. 450 volt electrolytic condenser, Aerovox PBS-450 
or equiv. 

10 Mfd. 50 volt electrolytic condenser, Cornell Dubilier EDJ-3100 
or Aerovox PR-50. 

03 Mfd. 400 volt paper condenser, Cornell Dubilier DT-4S83 or 
Aerovox 484. 

8 Mfd. 600 volt electrolytic condenser, Aerovox GL-600 or equiv. 
Type 5Z3 tube. 

Type 6L6G tubes. 

Type 6C5 tube. 

Type 6J7 tubes. 

RF choke, National R-100 or equiv. 

Microphone input plug, Amphenol PC1M or equiv. 

Microphone input plug shield, Amphenol MCIF or equiv. 

SPST switches, Arrow H and H No. 20993 or equiv. 

Feed-through bushings, Johnson No. 55 or equiv. 

Octal sockets, Amphenol 88 or equiv. 

4 prong socket, Amphenol S4 or equiv. 

Metal tube grid caps, National type 8. 

Steel chassis base, No. 20 gauge, 10” x 17” x 2”, Par-Metal B-4528. 
Chassis mounting brackets, Par-Metal No. SB-78 or equiv. 
Rack panel, 14” x 7” x 19”, slotted, Par-Metal No. G-3603 or equiv. 
Dial plate marked “GAIN,” Crowe No. 263 or equiv. 

5-lug terminal strip, H. B. Jones No. 5-50 or equiv. 

Grommets with 14” hole. 

Grommets with 3%” hole. 

Resistor strips Cinch 1510 or equiv. 

Resistor strip Cinch 13763 or equiv. 

Line cord and plug. 

Crystal microphone (many types on market). 

Miscellaneous wire, nuts, bolts, washers, mounting lugs, etc. 
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Fig. 75 Chassis Drawing of Modulator 
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Mounting of Parts— The modulator unit is built up on a 17” 
x 10” x 2” chassis, a drawing of which is shown in Fig. 75. 
Start construction by mounting the various transformers 
on the top of the chassis as shown in the photograph Fig. 80. 
The resistors R-14 and R-15 and the choke T-13C27 (CH-2) 
are mounted on the same mounting screws as T-19P54 (T-3) 
and T-19F 76 (T-4). The positions of these resistors are shown 
in Fig. 78. Before the panel Fig. 76 is fastened to the chassis 
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Fig. 77 Bottom View of Modulator Ci assis 
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Fig. 78 


the gain control escutcheon plate should be fastened to the 
panel with small brass brads. The panel and the side 
brackets may then be fastened to the chassis and the micro- 
phone connector, volume control and the two switches 
mounted in the holes provided for them. 
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Fig. 79 Schematic Diagram of Modulator 


Thordarson Transformers and Chokes 


T-1 T-74A31 Push-Pull Input Transformer. 

T-2 T-19M14 Universal Modulation Transformer. 
T-3 T-19P54 Plate Transformer. 

T-4 T-19F76 Filament Transformer. 

CH-1 T-17CO0B Filter Choke. 

CH-2 T-13C27 Filter Choke. 


Resistors 

R-1 5 megohm 4 watt, Centralab or equiv. R-9 250,000 ohm 4 watt, Centralab or equiv. 
R-2 5,000 ohm \% watt, Centralab or equiv. R-10 1,000 ohm 1 watt, Centralab or equiv. 
R-3 25,000 ohm % watt, Centralab or equiv. R-11 50,000 ohm 1 watt, Centralab or equiv. 
R-4 250,000 ohm } watt, Centralab or equiv. R-12 50,000 ohm 1 watt, Centralab or equiv. 
R-5 500,000 ohm % watt, Centralab or equiv. R-13 150 ohm 25 watt, Ohmite or equiv. 
R-6 1 megohm volume control, R-14 2,500 ohm 25 watt semi-variable, 

Centralab N-104 or equiv. Ohmite or equiv. 
R-7 2,500 ohm ¥% watt, Centralab or equiv. R-15 12,000 ohm 25 watt, Ohmite or equiv. 
R-8 100,000 ohm 1 watt, Centralab or e uiv. R-16 20,000 ohm 1 watt, Centralab or equiv. 


R-17 20, ohm 1 watt, Centralab or equiv. 


Condensers 


C-1  .0001 Mfd. 500 V. mica, Cornell Dubilier 5W-5T1 or Aerovox 1468. 

C-2 .0001 Mfd. 500 V. mica, Cornell Dubilier 5SW-5T1 or Aerovox 1468. 

10 Mfd. 25 V. electrolytic, Cornell Dubilier BR-102 or Aerovox PR-25, 
C-4 .03 Mfd. 400 V. paper, Cornell Dubilier DT-4S3 or Aerovox 484, 

1 Mfd. 400 V. paper, Cornell Dubilier DT-4P1 or Aerovox 484. 

C-6 10 Mfd. 25 V. electrolytic, Cornell Dubilier BR-102 or Aerovox PR-25. 
C-7_.1 Mfd. 400 V. paper, Cornell Dubilier DT-4P1 or Aerovox 484. 

C-8 10 Mfd. 25 V. electrolytic, Cornell Dubilier BR-102 or Aerovox PR-25. 
C-9 10 Mfd. 50 V. electrolytic, Cornell Dubilier EDJ-3100 or Aerovox PR-50, 
C-10 8 Mfd. 600 V. electrolytic, Aerovox GL-600 or equiv. 


en Triple 8 Mfd. 450 V. electrolytic, Aerovox PBS-450 or equiv. 
A RF Choke 
RFC-1 National R-100 or equiv. 
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Wiring —The resistor strips and sockets should be mounted 
as shown in Fig. 78. Referring to the circuit diagram, 
Fig. 79, the RF choke RFC-1 may be shielded by wrap- 
ping it first with a piece of heavy paper and then with 
a length of tinned copper or tinfoil which may be soldered 
by running a hot soldering iron along the edge. This shield- 
ing should be extended well beyond the choke ends and 
varnished tubing placed over the choke leads to prevent 
them from being shorted to the shield. One lead of choke 
RFC-1 is then connected to the center of the microphone 
connector and the other lead fastened to the resistor strip 
A. The shielding of the choke may then be grounded. 


The two condensers C-1 and C-2 and the resistor R-1 may 
then be shielded individually or together and one end of C-1 
connected to the center of the microphone connector and 
the other end grounded to the choke shield. C-2 and R-1 
are then both connected between resistor strip A and the 
choke shield ground. A length of shielded wire is then con- 
nected from the resistor strip and run through the grom- 
met hole to be connected to the grid of the 6J7. The shield- 
ing is grounded. 

The green and brown leads of the filament transformer 
T-4 are connected to resistor strip D and then to pins 2 and 
7 of the two 6J7’s, the 6C5 and the two 6L6G’s. The brown 
lead is grounded. Connect resistor R-2 from pins 5 and 8 of 
the first 6J7 socket to pin 1. Similarly connect the positive 
end of C-3 to pins 5 and 8 and ground the negative lead. A 
wire should join pin 1 of all the sockets and then connect 
to the chassis ground lug shown in Fig. 78, which may con- 
sist of a solder terminal securely fastened to the chassis. 
Before the screw has been tightened the paint should be 
scraped from the chassis and the lug soldered. 


Connect R-3 from pin 4 of the first 6J7 socket to pin 1; 
also connect C-4 from pin 4 to ground. R-4 is then connected 
from pin 4 of the first 6J7 socket to pin 6 of the second 6J7 
socket. (Actually, pin 6 is a dead pin and it is used merely 
as a convenient point for mounting one end of the resistor.) 
Similarly, connect R-5 from pin 3 of the first 6J7 socket to 
pin 6 of the second 6J7 socket. Connect C-5 from pin 3 of 
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Fig. 80 Top View of Modulator Chassis 


the first 6J7 socket to one terminal of the volume control 
R-6. This connection is so made to the pin that the full 
resistance is in the circuit when the control is turned to the 
extreme clock-wise position. 


A length of shielded wire is then connected from the arm 
of R-6 and run through the grommet hole to be connected 
to the grid of the second 6J7. The remaining terminal of 
R-6, as well as the shielding of the grid lead, are then grounded 
to the volume control shell. Twist together the leads of R-7 
and C-6 and connect the positive end of C-6 to pin 8 of the 
second 6J7. The other ends of C-6 and R-7 are connected to 
resistor strip B which is then connected to the chassis ground. 
Similarly, twist together the ends of R-10 and C-8 and 
connect the positive end of C-8 to pin 8 of the 6C5 socket 
and connect the remaining ends to resistor strip B. Connect 
together pins 3, 4 and 5 of the second 6J7 socket and connect 
R-8 from this point to one end of the resistor strip C. This 
end of the strip then connects to pin 6 of the second 6J7 
socket. Connect C-7 from pins 3, 4 and 5 of the second 6J7 
to pin 5 of the 6C5 socket. R-9 is then connected from pin 
5 of the 6C5 socket to pin 1. Connect pin 3 of the 6C5 
socket to the red primary lead of T-74A31 (T-1). Connect 
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the green and yellow leads of T-1 to pins 5 of the 6L6G 
sockets. Connect the two resistors R-11 and R-12 from pins 
5 of the 6L6G sockets to pins 1. Similarly connect the black 
center tap of the secondary of T-1 to pins 1 of the 6L6G 
sockets. Connect together pins 8 of the 6L6G sockets and 
connect them to one end of R-13 the other end of which is 
grounded to the chassis lug. Connect C-9 from one end of 
R-13 to ground. The positive end of C-9 connects to the end 
of C-13 which is connected to pins 8 of the 6L6G sockets. 


Connect pins 3 of the 6L6G sockets to two lengths of well- 
insulated wire which are then fed through the grommet 
hole and connected to terminals 2 and 5 of the T-19M14 
modulation transformer T-2. Connect two lengths of well 
insulated wire to the feed-through insulators which are 
mounted at the back of the chassis. One of these wires 
connects to terminals 7 and 9 and the other connects to 
terminals 10 and 12 of T-2. Fasten the five-post terminal 
strip over the rectangular hole at the back of the chassis. 
Terminals X and Y are nearest the end of the chassis. Con- 
nect terminal X to one of the black primary leads of ‘T-3 and 
T-4. Also connect it to terminal 1'. Connect terminal Y to 
one side of the switch SW-1 which is the one on the extreme 
left hand side of the chassis. The other terminal of SW-1 
connects to the remaining black primary lead of T-4, to one 
terminal of SW-2 and also to terminal 2'. Terminal 3' con- 
nects to the remaining black lead of T-3 and also to the other 
terminal of SW-2. Connect the two red leads of the power 
transformer T-3 to pins 2 and 3 of the 5Z3 socket. The red 
and yellow center tap is then connected to the chassis 
ground. Connect the yellow leads of T-4 to pins 1 and 4 of 
the 5Z3 socket. 


Connect one end of CH-1 to pin 1 of the 5Z3 socket and 
connect the other end of CH-1 to one end of R-14. To this 
point connect the red positive lead of C-10. Also connect 
a wire from this point to terminals 3 and 4 of the modulation 
transformer T-2. Connect one end of CH-2 to the remaining 
end of R-14 and connect the other end of CH-2 to one end 
of R-15. Also to this same point connect the red positive 
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lead of C-11 and connect a length of wire from this point to 
pin 4 of both 6L6G sockets. Run a wire from the junction 
of CH-2, C-11 and R-15 to one end of R-16 which is mounted 
on resistor strip C. Similarly R-17 is mounted on resistor 
strip C between R-16 and the terminal to which R-8 is 
connected. To the junction of R-16 and R-17 connect the 
positive lead of C-12 and run a lead from this point to the 
black primary lead of T-1. To the remaining end of C-17 
connect the red positive lead of C-13. Ground the black 
leads of C-10, C-11, C-12 and C-13. 

The wiring of the unit has now been completed and it is 
only necessary to attach the two grid caps to the shielded 
grid leads and install the knob on the gain control shaft. 


Testing and Operating the Modulator — After the tubes have 
been placed in their correct sockets, the 115 volt line may 
be connected to terminals X and Y of the five lug ter- 
minal strip at the back of the chassis. To check the amplifier 
it is necessary that it be properly loaded and a resistor 
approximating the Class C load should be connected across 
the two feed-through insulators at the back of the chassis. 
This resistor should be approximately 7500 ohms and should 
have a power rating of 25 watts. To check its quality a 
portion of the signal may be fed into a pair of earphones. 
For this purpose a small resistor having a value of from 1 to 


7500 OHMS 
25 WATTS 


T0 
OUTPUT 0 
MODULATORY @ 
PHONES 
Ol, 


Fig. 81 


5 ohms is connected in series with the 7500 ohm resistor and 
the phones placed across the small resistor in the manner 
indicated in Fig. 81. In this way a small portion rather than 
the entire signal voltage from the modulators is applied to 
the phones. 
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It is first necessary to adjust the resistor R-14. The 
variable arm should be approximately 14” from the end of 
the resistor as shown in Fig. 78. With the volume control 
turned to the extreme counter-clockwise position and with 
the microphone connected, the plate switch SW-2 may be 
turned on after the tubes have had time to heat up. The 
volume control may then be advanced and the quality of 
the amplifier checked by listening on the headphones. 


If the amplifier does not operate the connections should 
be thoroughly checked. A good procedure to follow is to 
first isolate the cause of the trouble. This may be done by 
removing one of the 6L6G’s. If the 6L6G stage is operating 
a click will result in the phones when one of them is removed 
from the socket with the plate supply switch turned on. 
The amplifier may then be checked by removing tubes 
progressively, starting from the 6L6G stage. ‘The click in 
the earphones will increase in intensity as the tubes nearer 
the input of the amplifier are removed. For instance, if the 
amplifier after being turned on, is found to be dead and if 
a click is heard when the 6C5 is removed and not when the 
second 6J7 is removed, then the trouble is definitely between 
the plate circuit of the 6J7 and the grid of the 6C5. 


Another method of checking is to touch the grids of the 
various stages. A distinct squeal, or in some cases hum will 
be heard. If a voltmeter is available it is well to check the 
various voltages on the amplifier to be sure that they are 
correct. This particularly applies to bias voltages on the 
tubes since the amplifier will operate without bias but the 
quality will be poor on high volume. 


To check for hum the microphone connector may be 
removed, the amplifier chassis grounded to a water pipe and 
the volume control turned wide open. A grounded metal 
_ plate should be placed near the input plug to eliminate hum 
pick-up. If the amplifier hums the shielding on the input 
stage should be checked. 


Assembly of Completed Phone Transmitter — To connect the 
modulator to the RF stage it is only necessary to join the 
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Fig. 82 Complete Phone Transmitter 


two feed-through insulators at the back of the modulator 
chassis to the two at the back of the RF chassis. The switch- 
ing arrangement is such that with the RF switches closed, 
complete control is taken over by the two switches on the 
modulator unit. In operating the transmitter as a complete 
phone transmitter it is only necessary to use the two switches 
on the modulator unit. The A.C. line cord is connected to 
terminals X and Y of the modulator chassis only. Terminals 
1', 2' and 3' of the modulator unit connect to terminals 1, 2 
and 3 respectively of the RF unit. Care must be taken, 
however, that the jumper is removed from terminals 2 and 3 
of the RF unit. The whole unit may be mounted in any of 
the small standard racks or in a 17” cabinet. The leads to 
the pick-up coil L-3 may be brought to a pair of feed-through 
insulators fastened at the top or back of the cabinet. 


CHAPTER VIII 
REFERENCE CHAPTER 


These paragraphs are provided as a reference for the 
reader who desires a somewhat more detailed explanation 
than that given in the preceeding chapters. No attempt, 
however, is made to present a complete technical discussion. 
This material is merely intended to provide a convenient 
tie-in of fundamental data with the preceeding chapters. 
More detailed explanations may be found in standard 
electrical textbooks. 


Resistance 


Resistance has already been described to some degree in 
Chapter I. Resistance, as pointed out, is the property of 
all materials to resist or tend to prevent current flow. A 
definite relationship exists between the resistance and the 
current which a given voltage will force through that resis- 
tance. 


The CURRENT in AMPERES (1) is equal to the PRES- 
SURE in VOLTS (E) divided by the RESISTANCE in 
OHMS (R). Thus: 


Current (amperes) = Pressure (volts) E 


Resistance (ohms) Ole 


From this we have also E = IR and R = 


2-AMPERES 
50 0HMS 


100 VOLTS 


Fig. 83 


Power — If a resistance of 50 ohms is placed across 100 volts, 
Fig. 83, the current would be <> or 2 amperes. The amount 
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of power dissipated by the resistor in the form of heat is the 
product of the voltage and current, or 100 x 2 or 200 watts. 
An idea of the magnitude of this amount of power may be 
obtained from the fact that there are 746 electrical watts in 
one horsepower and an average sized light bulb dissipates 
60 watts in its filament. The 60 watt lamp has a resistance 
of about 220 ohms and a current of .52 ampere at 115 volts. 


Resistor Uses — There are a number of places in a radio cir- 
cult where the property of resistance is indispensable. In 
these positions the necessary resistance is furnished by 
resistors, which may be manufactured from a number of 
materials such as resistance wire, carbon, graphite, etc. A 
resistor is a unit having the property of resistance and which 
is used in the radio circuit solely because of this property. 


Resistor Ratings — Resistors are rated in ohms and watts. 
The latter depends a great deal upon the physical size of the 
resistor, and is determined by the amount of power which 
the resistor can dissipate without exceeding a certain tem- 
perature rise. If a resistor is called upon to dissipate more 
than its rated power, the value of resistance may be changed 
considerably and if the resistor becomes too hot, it may be 
damaged or completely burned out. The operating temper- 
ature of a resistor carrying a given current depends upon the 
ventilation and in places having poor ventilation a larger 
resistor is required. 


Types of Resistors — Resistors may be fixed or variable. Fig. 
84 shows a number of resistors of different types and wattage 
ratings. Resistors are given various names for different 
applications, such as isolation resistor, plate resistor, grid 
resistor, etc. With a few exceptions these names are self- 
explanatory. A bleeder resistor is used in power supplies to 
“bleed” off the charge on filter condensers. A dropping 
resistor is used to ‘‘drop”’ or reduce voltage. An isolation 
resistor is used in conjunction with a large filter condenser 
to isolate stages in an audio amplifier. 


Potentiometer — A potentiometer, now generally called a 
volume control in radio work, is a variable resistor with con- 
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Fig. 84 Types of Resistors 


nections to either end of the resistor element and also to the 
moveable arm. A potentiometer may be used as a simple 
variable resistor by disregarding the connection to one end 
of the resistor element. Although potentiometers may be 
used to handle power, the ordinary volume control is not 
used across high voltage; it is used mostly in the grid circuits 
of audio amplifiers. The variable resistors known as rheo- 
stats are ordinarily used to dissipate a considerable amount 
of power and they are used chiefly in the primary circuit of 
transformers to regulate the voltage. 


Inductance 


The property of inductance is best understood by studying 
some of the factors which contribute to inductance. Direct 
current on flowing through a straight wire, Fig. 85, sets up 
a magnetic field or lines of force which encircle the wire in a 
direction dependent upon the direction of current flow. 


The strength of the magnetic field or the number of lines 
of magnetic force is dependent upon the strength of the 
current. The lines of force may be compared to rubber rings 
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which expand and contract depending upon whether the 
current is increased or decreased. If a 60 cycle alternating 
current instead of a direct current is passed through the wire, 
the magnetic field expands and contracts at the rate of 60 


LINES OF FORCE 


CURRENT FLOW 
Fig. 85 Magnetic Field Around Wire 


times per second. During one A.C. cycle the field expands 
in one direction, is reduced to zero and expands to a maxi- 
mum in the opposite direction and so on through the com- 
plete cycle. 


Coils — If a wire is wound in the form of a coil, Fig. 86, the 
lines of force or magnetic field about each of the wires 


Fig. 86 Field Around Coil 


combine to form a larger magnetic field which flows through 
the center of the coil, out one end and back to the opposite 
end of the coil. The coil may thus be compared to a regular 
bar magnet which has a north pole and a south pole. Ifa bar 
of iron or steel is placed in the center of the coil it will be 
ound that the magnetic field is increased tremendously. 
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This is due to the reduction in reluctance or resistance of 
the magnetic path which has been reduced by the iron just 
as in a regular electrical circuit the current increases as the 
resistance is decreased. 


Magnetic Induction — Since the flow of current is accom- 
panied by a magnetic field, it is possible to develop a current, 
or, more properly speaking, a voltage, from a magnetic field. 
A voltage can be produced on a wire if the wire is moved 
across a magnetic field. Fig. 87 shows a horseshoe magnet 
with lines of force which travel from the north pole to 


NORTH POLE SOUTH POLE 
~-LINES OF FORCE 


DIRECTION OF WIRE MOTION 
Fig. 87 


the south pole. If the wire is moved across the magnetic 
field in the direction of the arrow a voltage will be induced 
on the wire with the polarity as shown. A current does not 
flow, of course, until the circuit is completed from the plus 
end of the wire to the negative end. The voltage could also 
be induced in the wire if the wire were held stationary and 
if the magnetic field were moved across the wire. The same 
results could be produced if the wire were held stationary 
and if the magnet were moved so that the wire cut the 
magnetic field. In order to produce a voltage it is absolutely 
necessary that either the wire or the magnetic field move 
with respect to the other. The polarity of the ends of the 
wire depends upon the direction of movement of the wire in 
the magnetic field. 


Inductance — Henry — The above principles form the basis 
for the phenomenon of inductance. Inductance is the 
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> 


Fig. 88 Commercial Inductances 


property of a magnetic circuit such as a coil to produce or 
develop voltage by means of a changing magnetic field. IRE 
in a particular coil, a change in current of 1 ampere per 
second produces a field strong enough to generate 1 volt 
across the coil terminals, the coil is said to have an induc- 
tance of | henry. 


Besides the phenomenon of an expanding magnetic field, 
inductance is also manifested as a lag in current flow. In an 
electric circuit, Fig. 89A, as soon as the circuit is completed 


Fig. 89A Fig. 89B 


the current almost instantly builds up to a value indicated 
by E divided by R. If, however, the resistance is replaced by 
an inductance coil, Fig. 89B, the current does not instantly 
build up to the value indicated by the voltage and coil 
resistance, although it eventually reaches this value. The 
reason for the delay in the build-up of the current is due to 
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the choking effect of inductance. This may be explained by 
the fact that the current on flowing through the coil sets up 
a magnetic field which induces an opposite voltage in the 
turns of the coil thus reducing the effective voltage in forcing 
current through the circuit. 


Inductance may be compared to inertia — the inherent 
property of an object to remain in a given state of equilib- 
rium unless acted upon by some external force. After the 
current has once been built up in an inductance coil the 
current tends to remain flowing, even after the circuit has 
been opened. This is due to the energy in the magnetic field 
about the coil and when the current flow is stopped by 
opening the circuit the magnetic field collapses thus inducing 
a voltage in the coil which tends to continue the current flow 
by causing an arc at the switch. Thus, the current in an A.C. 
circuit containing inductance always lags or follows the 
voltage wave. 


Tansformer Principle — Briefly, a transformer is a device for 
changing A.C. voltages. The change is accomplished by 
means of two separate windings which are wound upon a 
common core, the only connection between the two being 
the medium of the magnetic field. The transformer has no 
moving parts and the voltage is induced from one winding 
to the other by means of a changing magnetic field which 
is produced by the fluctuating current in the primary. 


Fig. 90 Transformer 


Since the operation of a transformer depends upon a 
changing magnetic field, it cannot be used on direct current 
which has a constant magnetic field. As shown in Fig. 90 the 
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transformer consists essentially of two windings; a primary 
and asecondary. The primaryis the windingwhich is connected 
to the supply voltage and the secondary, the one connected 
to the load circuit. The current, on flowing through the 
primary, produces a strong magnetic field which flows 
- through the iron core. This changing magnetic field cuts 
the secondary winding thus inducing a voltage which may 
be used to deliver power to the secondary load. The voltage 
which is built up across the secondary winding depends upon 
the voltage applied to the primary and the ratio of the 
number of turns on the primary to the number of turns on 
the secondary. If a transformer has a ratio of 1 to 1 and 
is connected to a supply voltage of 115 volts, the secondary 
voltage is also 115 volts. However, if the secondary has 
twice as many turns as the primary the secondary voltage 
will be 230 volts. In this case the transformer is called a 
step-up transformer. A step-down transformer, on the other 
hand, is one in which the secondary turns are fewer than 
the primary turns. 


Types of Transformers — The number of transformer types 
are practically unlimited and the names of those which 
apply to radio work are more or less self-explanatory, being 
designated generally by their functions in the circuit. 
Examples of such units include power transformers, audio 
transformers, output transformers, modulation transformers, 
driver transformers, filament transformers, plate transform- 
ers, etc. each of which is designed for a particular application. 
In general, transformers may be divided into iron core 
transformers and air core transformers. Iron core trans- 
formers are those which are used for power work and audio 
work whereas the air core transformers, or more properly 
called coils, are used in radio frequency circuits. 


Capacity 
Capacity (or, more correctly, ““capacitance’’) is associated 
with a condenser which has the property of storing up an 
electrostatic charge in much the same manner that an induc- 
tance coil stores up energy in its magnetic field. Fig. 91 
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shows a piece of glass to both sides of which are glued 
pieces of tinfoil. ‘hese two pieces of tinfoil do not touch since 
they are separated by the glass plate. As shown in the 
diagram a switch and battery are connected to the plates. 


SWITCH 
i{1{1|1|_-—— 


Fig. 91 


When the switch is closed the ammeter will indicate a mo- 
mentary flow of current, after which the pointer returns to 
zero. This initial charging current represents the power 
stored in the condenser. ‘Since one plate is at a positive 
potential and the other a negative potential a state of un- 
balance exists between the two plates. If the wire is dis- 
connected from the switch at “X’’ and connected to point 
“Y”’ so that the charged condenser is shorted, the ammeter 
will indicate current flow in the opposite direction to that of 
the charging current. 


Technically speaking, current does not flow through a 
condenser under any condition. However, in Fig. 91 since 
there is an indication of current flow caused by the changing 
potential or voltage between the two plates, current may be 
said to “flow” through the condenser. The condenser, then, 
does not permit the passage of D.C. current. However, A.C. 
may be said to flow through the condenser, since A.C. may 
be considered a changing potential. 


Unit of Capacity — Condensers are usually rated in micro- 
farads or micromicrofarads. The unit of capacity is actually 
the farad; however, this unit is too large for practical pur- 
poses. A condenser is said to have a capacity of one farad 
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Fig. 92 Commercial Condensers 


when a change of 1 volt per second across its terminals pro- 
duces a current flow of 1 ampere. A more practical unit is 
the microfarad which is one-millionth of a farad. Variable 
condensers are usually rated in micromicrofarads or one- 
millionth of a microfarad. 


Types of Condensers 


Condensers are divided into two general types; namely 
fixed and variable. A fixed condenser has a fixed value of 
capacity whereas the capacity of a variable condenser may 
be varied. 


Fixed condensers are in turn subdivided according to 
dialectric material used between the plates. In the example 
of Fig. 91 the dialectric is glass. The fixed condensers are 
thus called paper condensers, mica condensers and electro- 
lytic condensers. Variable condensers usually have air as 
the dialectric and a set of plates is rotated on a shaft so that 
they mesh to a variable degree with a set of fixed plates. 


Condenser Ratings — In addition to the capacity rating, con- 
densers are also rated in voltage. The voltage rating is the 
maximum voltage which the condenser will safely stand 
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between its plates. A 400 volt condenser, for instance, may 
be used in a circuit where the peak voltage across the con- 
denser terminals does not exceed 400 volts. Excessive volt- 
ages will cause the dialectric to break down, thus shorting 
the condenser and rendering it useless. 


Resonance or Tuning — Resonance may be defined as the 
action of a condenser in conjunction with an inductance at 
a certain frequency dependent upon the values of capacity 
and inductance. Fig. 93 shows a condenser, an inductance 


A 


"B BATTERY |, 


Fig. 93 


and a battery which are connected to a double throw single 
pole switch. If the switch is thrown to position A so that the 
condenser charges to the value of the battery voltage a 
certain amount of energy is stored up in the condenser. If 
the switch is then thrown to position B the condenser dis- 
charges through the inductance. The current on flowing 
through the inductance builds up a magnetic field about the 
inductance. As soon as the current from the condenser 
reaches a steady state through the inductance the magnetic 
field about the inductance collapses, causing the energy to 
be fed back into the condenser but in such a way that the 
polarity of the charge on the condenser is reversed. The 
condenser is thus recharged, but this time in the opposite 
direction. The cycle thus continues over and over again 
until such a time that the power in the condenser is dis- 
sipated by the resistance in the circuit. If.the resistance in 
the circuit were nil and if no power were lost through radia- 
tion the circuit would continue to oscillate. These oscilla- 
tions change at the natural period or resonant frequency of 
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the coil and condenser. The above circuit with the condenser 
connected directly across the coil is called a parallel resonant 
circuit. 


Impedance of a Parallel Circuit — If the values of capacity and 
inductance are such that the resonant frequency of the 
circuit is 1000 cycles, the impedance across the parallel 
combination is very high at a frequency of 1000 cycles. In 
Fig. 94, if the resonant frequency of the coil and condenser 


E 
1000 CYCLES 


Fig. 94 Parallel Tuned Circuit 


is 1000 cycles, a 1000 cycle A.C. voltage across L and C 
produces only a very small current as indicated by the meter 
A. If resistance and radiation losses were zero, the impe- 
dance would be infinitely high and the current would be zero 
regardless of how high the applied voltage might be. In 
practice, however, due to the resistance of the coil, the cur- 
rent is always greater than zero. In the circuit of Fig. 94, 
if the capacity of the condenser is made either higher or 
lower than that at resonance, it will be found that the cur- 
rent as indicated by A will increase, indicating that the 
impedance of the parallel circuit has decreased. 


Tuning — The process of changing the value of capacity in 
conjunction with an inductance is called tuning. Tuning is 
used in a great many places in a radio circuit. It is used in 
the receiver to develop a very high impedance across which 
the desired incoming signal is more easily developed. In a 
transmitter stage the condenser is tuned until the plate 
current is at a minimum. If the tank condenser is tuned to 
either side of resonance the plate current increases indi- 
cating that the impedance in the circuit has been lowered. 
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RF Tank Circuit — In a transmitter the parallel tuned circuit 
is used as a reservoir or tank for RF power. There must be 
a considerable amount of oscillating or circulating energy 
in the tuned circuit so that the tank can deliver power on 
that half of the cycle during which the plate current does 
not flow. This property of circulating power in the tank 
circuit has been aptly termed “‘fly-wheel”’ effect since it acts 
much as a fly-wheel in which energy is stored to deliver power 
between pulses. 


Regeneration 


Regeneration occurs in a circuit wherein a portion of the 
output voltage is fed back to the input in such a way that 
the original output is increased. Regeneration may be com- 
pared to compound interest since the interest which is the 
“output” of the principle is fed back to increase the principle. 


For regeneration the feedback voltage must be in phase 
with the input voltage. The direction of the arrows in Fig. 95 
indicates the direction of the RF current flow and it may 


Fig. 95 Feedback Circuit 


be seen that the output voltage is fed back through the 
condenser C across part of the input circuit, in this way 
increasing the original input voltage and thus the output. 
If the coil and condenser oscillate, the tube will supply the 
circuit losses which ordinarily damp out the oscillations. 
The circuit will accordingly continue-to oscillate and power 
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may be obtained from the plate circuit. The amount of 
power which may be obtained depends upon the tube size 
and the plate voltage applied to the tube. 


The circuit of Fig. 95 is somewhat similar to the circuit 
used in the receiver although the power output of the re- 
ceiver when oscillating is extremely small. 


For a circuit to oscillate it is necessary to have a certain 
amount of feedback and it is also necessary that the tube 
have a certain amount of gain before oscillation can be 
maintained. If the feedback voltage is not sufficient or if 
the gain is too low, the circuit will not oscillate. Thus, in 
the circuit of the receiver, oscillation is controlled by the 
screen grid potential of the tube which, in turn, controls the 
gain. Oscillation does not occur until the gain exceeds the 
critical value. 


In addition to the above circuit there are many other 
types which may be made to oscillate. Probably the most 
common of these is the tuned grid —tuned plate circuit. 
In this circuit, Fig. 96, both the input and the output circuits 


Be B+ 
Fig. 96 Tuned Grid — Tuned Plate Oscillator 


are tuned to the same frequency. The RF voltage developed 
across the output is thus impressed across the input through 
the grid to plate capacity of the tube. The grid circuit may 
thus be considered in parallel with the plate circuit. This 
circuit is particularly significant in transmitters since it 
requires neutralizing to nullify the effect of the grid to plate 
capacity and thus prevent oscillation. 
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Tube Types 


Besides the diode and triode which have already been 
described, there are several other tube types such as the 
screen grid tube, the pentode, and the beam power tube. 
The screen grid tube is shown in Fig. 97. An additional 


PLATE 


PA 
CATHODE 
Fig. 97 Screen Grid Tube 


element wound in the form of a grid is placed between the 
grid and the plate. The screen grid operates with a potential 
approximately 14 that of the plate and its purpose is to 
accelerate the electron flow toward the plate. The screen 
grid tube has a much higher amplification factor than the 
triode. In addition, the screen grid affords an easy method 
of controlling the gain. This tube, however, has the dis- 
advantage that electrons are knocked from the plate by the 
accelerated electron stream and as a result these electrons 
which are knocked from the plate tend to decrease the plate 
current flow. This phenomenon is called secondary emission. 


Pentode — In order to eliminate the effect of secondary 
emission another element is added very close to the plate. 
This new element is termed the suppressor and the tube in 


PLATE 


SCREEN 


GRID ¢ SUPPRESSOR 


NGRID 


Va Cel 
CATHODE. “HEATER 
Fig. 98 Pentode Tube 


which it is used is called a pentode or five element tube, 
Fig. 98. This suppressor is operated at ground potential and 
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it tends to repel the electrons which are knocked from the 
plate. Actually, the suppressor tends to prevent plate cur- 
rent flow. However, the advantage gained by reducing 
secondary emission more than offsets the tendency to reduce 
the plate current and a distinct advantage is gained by the 
use of the suppressor. 


Beam Power Tube — The beam power tube is similar to the 
pentode. The construction of the tube is such that the flow 
of electrons is directed toward the plate. This beam effect 
results in high efficiency and the tube is very popular for low 
power transmitter work. 


Tube Properties — The vacuum tube exhibits various electri- 
cal characteristics, the most important of which are the 
plate resistance and the amplification factor. The tube is 
rated at the maximum voltage which can be safely applied 
to the different elements and the maximum plate current 
which the tube will safely pass. In the case of transmitting 
tubes the plate dissipation is also specified. 


Amplification Factor — The amplification factor, of a tube is 
the ratio of a given plate voltage change to the grid voltage 
change required to produce the plate voltage change. If a 
tube has an amplification factor of 100 a grid voltage change 
of 1 volt will produce a plate voltage change of 100 volts. 
In practice, however, the actual gain of a stage is somewhat 
less than the amplification factor due to the plate resistance 
of the tube and the load resistance. In the circuit of Fig. 99, 


PLATE_ RESISTANCE 
& OF TUBE-Rp 


TOTAL VOLTAGE 
DEVELOPED 


OUTPUT 
VOLTAGE 


Fig. 99 Equivalent Tube Circuit 


which shows the equivalent circuit of a resistance coupled 
stage, the tube may be considered as having a certain resis- 
tance Rp and both the load resistance RL and the tube plate 
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resistance are connected in series across the signal voltage 
which is developed in the plate circuit. The actual voltage 
across Rx (the voltage which is available to be supplied to 
the following tube) 1s somewhat less than the total voltage 
developed in the plate circuit. If an A.C. signal having a 
peak of 1 volt is applied to the grid of a tube with an amplifi- 
cation factor of 100 the voltage developed by the tube is 100 
volts. If Rt is 250,000 ohms and if the plate resistance Rp 
of the tube is 100,000 ohms the voltage developed across 
Ru will be saeco or 71.5. The voltage gain of the 
stage is then 71.5 since a voltage change of 1 volt at the grid 
will produce a useful voltage of 71.5 volts across Ru. Briefly, 
the grid voltage change produces a plate current change 
which, on flowing through RL produces a plate voltage 
change. 


Generally speaking, the amplification factor of triodes will 
vary from 3 to 100, whereas the amplification factor of the 
screen grid tubes and pentodes is usually in the neighbor- 
hood of several hundred. The popular zero bias tube is 
merely a triode with an amplification factor so high that 
the static plate current is very small even without bias. 


Plate Resistance — The plate resistance of the tube is the 
resistance of the tube to alternating current flow, and is not 
the D.C. resistance determined by a given value of plate 


III 


Fig. 100 


voltage and plate current. The tube plate resistance is not 
calculated by dividing the plate voltage by the plate current. 
This value merely gives the tube drop or the resistance of 
the tube to direct current. The resistance of the tube to 
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alternating current may be obtained by varying the plate 
voltage and noting the corresponding change in the plate 
current. In Fig. 100, if the voltage is increased from 250 volts 
to 300 volts, and if the current increases from 10 Ma. to 15 
Ma. the plate resistance of the tube to alternating current 
is 300-250 or 50 divided by 15-10 or 5 Ma. The plate 
resistance is thus 10,000 ohms. The D.C. resistance to plate 
current flow is 250 divided by .010 or 25,000 ohms or 300 
divided by .015 or 20,000 ohms. The D.C. tube drop is im- 
portant only in figuring the tube efficiency, whereas the plate 
resistance is important in calculating the available gain from 
the tube and also for calculating the resistance load into 
which the tube operates. 


Classes of Amplifiers 


There are several classes of operation for amplifiers. The 
classes may be roughly divided into those which are suitable 
for audio work and those which are suitable for RF work. 
In general, however, the class of operation is designated by 
the part of the cycle during which the amplifier draws plate 
current. 


The classes of amplifier which are suitable for audio work 
are Class A, Class AB and Class B: AB operation is further 
subdivided into Class ABi and AB, For RF work the 


amplifiers most commonly used are Class B and Class C. 


Class A Amplifier — The Class A amplifier is used strictly 
for amplification in the audio band. It delivers power on 
both halves of the cycle and it is the only amplifier which 
operates with a single tube. The old definition of a Class A 
amplifier is ““An amplifier which delivers an output which 
is the exact duplicate of the input.” Although this definition 
may apply to any good amplifier regardless of the class of 
operation, nevertheless the definition still holds true in the 
case of an amplifier stage using only a single tube. All tubes 
used in low level speech equipment are operated Class 
A. The Class A amplifier has inherently low efficiency and 
low power output in comparison to other amplifiers. 
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Class B Amplifier— The Class B audio amplifier differs from 
the Class A amplifier in that two tubes are required in a push- 
pull circuit. The tubes are so operated that each tube sup- 
plies power for one-half cycle and the two are combined 
to form the complete cycle. The bias on a Class B stage is 
such that with no signal the static plate current is extremely 
low. The Class B amplifier is very efficient when compared 
to the Class A amplifier and it is quite possible by proper 
design to obtain a plate efficiency of 65 per cent. Thus, a 
Class B amplifier can deliver as useful power output approxi- 
mately 65 per cent of the plate input power. In order to 
operate the Class B stage efficiently the input signal voltage 
must be of such magnitude that the grids become positive on 
the peaks of the cycles. This serves to reduce the voltage 
across the tube. The grids thus draw current necessitating 
a certain amount of driving power which must be supplied 
by the preceeding driver stage. In a Class B amplifier it is 
absolutely necessary to use two tubes in push-pull so that 
both halves of the audio wave are faithfully reproduced. 
The Class B amplifier may be used either for audio work or 
for RF work. For RF amplification, however, it is not 
necessary to use push-pull since the fly-wheel effect of the 
tank circuit supplies the second half of the wave during 
which the tube does not deliver power. 


Class AB Amplifier — The Class AB amplifier is also operated 
in push-pull. It is so designed that for low power output it 
operates Class A and for high power output it approximates 
Class B. A single tube in a Class AB amplifier delivers more 
power on one-half of the cycle than on the other. The two 
halves are then combined in the output to form the complete 
wave. A Class AB: amplifier does not draw grid current and 
hence does not require driving power. The Class ABz ampli- 
fier, on the other hand, is so operated that the tubes draw 
grid current and thus a driving stage is required. The 
efficiency of the Class ABz amplifier is mid-way between that 
of Class A and Class B. Its great advantage is that it does 
not require as much driving power as the Class B stage. 
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Push-Pull Operation — Tubes may be operated singly, in 
parallel, or in push-pull. Parallel operation consists merely 
of operating two or more tubes with the elements tied 
together. The push-pull stage shown in Fig. 101, consists of 


INPUT. 


out 


Fig. 101 Push-Pull Circuit 


two tubes and two center tapped transformers. The input 
transformer (T-1) is tapped so that at any one instant the 
signal applied to the grids is 180° out of phase. For the 
instantaneous condition shown in Fig. 101 the polarity is such 
that the input signal subtracts from the bias of the upper 
tube and adds to the bias of the lower tube so that the plate 
current of one increases and the plate current of the other 
decreases. The phase relationship of the signal voltages 
developed in the plate circuit of each tube is the same so 
that they add, and a voltage is induced in the output. Thus, 
the operation of the push-pull stage is such that the tubes 
operate on different halves of the cycle. 


Any class of amplifier may be operated in push-pull. A 
Class A push-pull stage is one in which the tubes are operated 
Class A and each tube delivers an equal amount of power on 

both halves of the cycle. On the other hand, for Class B and 
_ Class AB audio operation one tube delivers more power on 
one-half the cycle than on the other half. The two output 
waves add to give the combined output wave. ‘This is 
indicated in Fig. 102 which shows the output wave of each 
of the tubes of a push-pull stage. One tube delivers wave A 
and the other wave B. It will be noted that neither wave is 
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complete without the other and that both combine in the 
output transformer to form C which is the correct wave. 


Gece BaROR See oen 
pe tpt 
BBSSRehS 


Ge 
RETR ARASEL BeBe aes 
Date elaaeeO Buea eaRan 


Fig. 102 Output Waves of Class B Stage 


Distortion — The wave of either A or B is said to have a large 
amount of second harmonic distortion since A or B may be 
considered a fundamental wave in addition to an undis- 
torted wave which has a frequency double that of the fun- 
damental. The use of push-pull combines the two waves and 
thus eliminates the second harmonic and also all other even 
harmonic distortion. A pair of tubes will deliver a given 
amount of power in push-pull with less distortion than they 
will when operated in parallel. This statement refers to Class 
A only since it is not possible to operate a single tube Class 


B or AB. 


Although the circuit in Fig. 101 is that of an audio stage, 
push-pull operation may also be used for RF work. The 
operation is much the same although it is not necessary to 
operate push-pull, even though the wave form is that of A 
or B. The other half of the wave is supplied by the fly-wheel 
effect of the tank circuit. 


RF Amplifiers 


The amplifiers for RF are the Class B and the Class C 
amplifiers. For RF work the tube is biased to cut-off so that 
the plate current is zero, without excitation to the grid. The 
tube then supplies power for one-half cycle. The circulating 
current in the tank circuit provides the power on the other 
half of the cycle. 
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Fig. 103 Phase Relationship 


The Class C amplifier is used 
for RF work only. Operation is 
such that the bias on the am- 
plifier is twice cut-off, or double 
that of the Class B stage. This 
increase in bias is made so that 
the plate current flows for only 
a fraction of one-half cycle thus 
increasing the efficiency. A Class 
C amplifier is usually plate modu- 
lated and operation is such that 
the power output changes as the 
plate voltage is varied by the audio 
voltage from the modulators. 


Phase — The terms “‘in phase’’ 
and “out of phase”’ are frequently 
used in this Guide. Phase is the 
instantaneous relationship 
between two AC waves of the 
same frequency. If two voltages 
are in phase they will be perfectly 
in step throughout the cycle — 
they will be zero at the same 
instant, reach their peak simul- 
taneously and again reach zero 
at the same time. The two waves 
A and B of Fig. 103 are in phase 
since at a given time, for instance, 
the start of the cycle, the two 
voltages are zero and they in- 
crease and reach their peak values 
at the same time. 


Phase relationship has nothing 
to do with the magnitude of the 
voltage. The upper wave A, for 
instance, may have a peak value 


of 50 volts and B 100 volts and 
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yet the two waves would still be in phase. The phase rela- 
tionship between two waves is measured in degrees and the 
entire A.C. cycle consists of 360°. In Fig. 103, waves C, D, 
E and F are progressively more and more out of phase with 
wave B. Wave C is 45° out of phase with B since a given 
point on C is 45° removed from the corresponding point on 
B. Likewise point a of wave D is 90° from the same point on 
B. Wave F is 180° out of phase with B and, if the two waves 
are combined, abc of wave F would cancel cde of wave B. 


In neutralizing an RF stage the object is to cancel out the 
voltage introduced through the grid to plate capacity of the 
tube by another voltage which is exactly equal in magnitude 
and exactly 180° out of phase. However, if these voltages 
are not equal in magnitude there will not be complete cancel- 
lation, since one wave merely subtracts from the other and 
the resultant will be the difference between the two. This 
occurs in the process of neutralizing. The neutralizing volt- 
age is 180° out of phase and the magnitude of the voltage 
is varied by the neutralizing condenser. 


Soldering Hints 


The basic purpose of soldering is to hold together two 
pieces of metal. In radio work, the metal is usually copper 
which has been tinned to enable the solder to stick. The 
metal to be soldered should be heated by the soldering 
iron and the solder applied to the metal. The metal should 
be hot enough to melt the solder. Hot solder should not be 
applied to cold metal since the solder will chill and a “‘cold 
solder joint” will result. A cold solder joint will usually have 
a globule of solder, rather than a uniform flow which sticks 
to the metal at all points. A good rule to follow in soldering 
is that the solder is intended to hold together and not to join 
together. Wires, for instance, should be twisted together 
and then soldered, they should not be joined together by the 
solder. 
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Kinds of Solder — Two kinds of solder are generally available: 
acid core solder and rosin core solder. For radio work it is 
recommended that rosin core solder be used. In most cases 
acid core solder will cause corrosion. 


Operating Procedure for CW Stations 


The operating procedure for amateur stations is more or 
less standardized and the present system is the result of 
international agreement. Below are listed a number of rules 
governing standardized practices in operating amateur 
stations. 


1. CQ — Stations who wish to communicat. with any other 
station use the general CQ call, meaning that they wish to 
communicate with some station. As an example, if station 
W9UVC wishes to contact (QSO) another station the follow- 
ing call is sent out, “CQ CQ CQ, DE W9UVC, W9UVC, 
WIUVC” (“DE” meaning “from’’). This call may be con- 
tinued for a minute or two. After the last call the trans- 
mission should be concluded with K. After calling, the 
receiver should be slowly and carefully tuned for replies. 


2. Answering the CQ — If station W9GKU answers the CQ 
from W9UVC, W9IGKU transmits as follows: “W9IUVC, 
WISUVC,. W9UVC, DE W9GKU, W9GKU, W9GKis 
This should be repeated several times and the transmission 


signed with “AR K.” 


3. Answering the Station — On picking up W9GKU, W9UVC 
would then send “W9GKU DE W9UVC’” once or twice then 
“GE OM GA K,” (Good evening, old man, go ahead.) In 
ending a transmission the letters AR K are used, AR signify- 
ing the end of transmission and K an invitation for the other 
station to transmit. On signing off, the call letters are 


followed by the letters AR SK. 


Testing Signals — In testing, a series of V’s should be sent 

followed by the call letters of the station once or twice. The 

CO or any other call should not be used for test purposes. 

It is good practice, however, to make checks on a dummy 
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antenna instead of the regular antenna. The simple dummy 
antenna described on Page 67 may consist of an electric light 
bulb capable of absorbing the power output of the trans- 
mitter. Whenever it is necessary to make tests over the air 
the transmission should be made in the proper manner and 
the station identified by signing the call. Tests on the air 
should be made as short as possible since they may cause 
undue interference. 


Reporting on Signals — The RST system is used to describe 
the reception of signals. The R designates readability, the 
S strength and the T tone. Since there is a great deal of 
variation in the RST reports, each of the letters is followed 
by a number which designates the degree of readability, the 
strength and the quality of the tone. As an example, if the 
report given by a station is RST 579 the signal would be 
perfectly readable, of moderate strength and with a perfect 
D.C. note. The RST variations are listed below. 


R. S. T. REPORTING SYSTEM 
READABILITY 
Unreadable. 


Barely Readable — Occasional 
words Distinguishable. TONE 


8. Strong Signals. 
Extremely Strong Signals. 


Readable with Considerable . Extremely Rough, Hissing Note. 
Difficulty. 2. Very Rough A.C. Note. 


cue rch tactically 3. Rough, Low-Pitched A.C. Note — 
o Vimeulty. Slightly Musical. 


Perfect] ! 
Bacon Scadable Rather Rough A.C. Note — 


Moderately Musical. 
: Nd Ee dat edd Musically Modulated Note. 
pep eera, ae 6. Modulated Note — Slight Trace of 
Very Weak Signals. Whistle. 
ere cicnals: Near D.C. Note — Smooth Ripple. 


Fair Signals. Good D.C. Note—Just Trace of Ripple. 


Fairly Good Signals. - Purest D.C. Note. 

GecdiGonal If the Note appears to be Crystal 
Sears Controlled simply add an X after 

Moderately Strong Signals. the appropriate number. 
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Below is a list of the most commonly used Q signals. The question 
rs given in the first column and the answer in the second column. 


Abbreviation 


ORA 


ORB 


ORC 


ORD 


QRG 


QRH 


ORI 
QRJ 


ORK 


ORL 


ORM 
ORN 


ORO 
ORP 
QORQ 


QUESTION 


What is the name of your 
station? 


How far approximately are 
you from my station? 


What company (or Gov- 
ernment Administra- 
tion) settles the accounts 
for your station? 


Where are you bound and 
where are you from? 


Will you tell me my exact 
frequency (wave-length) 
in kc/s (or m)? 


Does my frequency (wave- 
length) vary? 


Is my note good? 


Do you receive me badly? 
Are my signals weak? 


Do you receive me well? 
Are my signals good? 


Are you busy? 


Are you being interfered 
with? 


Are you troubled by 
atmospherics? 


Shall I increase power? 


Shall I decrease power? 


Shall I send faster? 


ANSWER 


The approximate distance be- 
tween our stations Is........5. 


nautical miles (or... kilo-. 
metres). 

The accounts for my station are 
settled by the...... company (or 
by the Government Administra- 
tion of... J 5. ee ). 
I am bound for...) from 


Your exact frequency (wave- 
length)!1s.2..59 0 eee kc/s (or 


Your 


varies. 


frequency (wave-length) 


Your note varies. 


I cannot receive you. Your sig- 
nals are too weak. 


I receive you well. Your signals 
are good. 


I am busy (or I am busy with... 
Please do not inter- 


oeeeeee ee eee 


I am troubled by atmospherics. 


Increase power. 
Decrease power. 


pend ttastersi(a, ence words per 
minute). 


Abbreviation 


ORS 


ORT 
ORU 
ORV 


QRW Shall I tell 


ORX 


ORY 


ORZ 
QSA 
OSB 
QSD 


QSG 


QSJ 


QSK 


QSL 


OSM 
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(Q Signals continued) 


QUESTION 


Shall I send more slowly? 


Shall I stop sending? 
Have you anything for me? 


Are you ready? 


that you 
are calling him on 


kc/s (or m)? 
Shall I wait? When will 


you call me again? 


@ @ ©/@ eve 
eerie 


What is my turn? 


Who is calling me? 


What is the strength of my 
signals (1 to 5)? 


Does the strength of my 
signals vary? 


Is my keying correct; are 
my signals distinct? 


Shall I send 
telegrams (or one tele- 
gram) at a time? 


oeoe eee e es © es we we 


What is the charge per 
word for includ- 
ing your internal tele- 
graph charge? 


Shall I continue with the 
transmission of all my 
trafic, I can hear you 
through my signals? 


Can you give me acknowl- 
edgment of receipt? 


Shall I repeat the last | 
sent you? 


ANSWER 


Send more slowly ( words 


per minute). 


Stop sending. 
I have nothing for you. 


I am ready. 


that I am call- 
kc/s (or 


Please tell 
ing him on 


€) Sirs) whe aso 
o 0) S06 wl On0g OY OL 4a) © 


Oo) 6 (6) 6.6 8/6 2 6 86" 18. 


Wait (or wait until I have fin- 
ished communicating with....). 
I will call you at o'clock 
(or immediately). 


PS eC) Cm ee 


Y oureturnsts NO.se tee eee 
(or according to any other method 
of arranging it). 


You are being called by 


op: 10-0 4 1.6) ue) Co 


The strength of your signals is 
(1itos5): 


The strength of your signals 
varies. 


ote © © @ & © 6 € 6 6 0 6 @ 6 6 © © 6 6 2's 


Your keying is incorrect; your 
signals are bad. 


Dende) eee telegrams 
(or one telegram) at a time. 


oa ee eet 


The charge per word for is 
a we francs, including my inter- 
nal telegram charge. 


Continue with the transmission 
of all your traffic, [ will interrupt 
you if necessary. 


I give you acknowledgment of 
receipt. 


Repeat the last telegram you 
have sent me. 


(Q Signals continued on following page.) 
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Abbreviation 


QSO 


QSP 


QSR 


QSU 


QSV 


QSW 


OSX 


OSY 


QSZ 


OTA 


OTB 


OTC 
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(Q Signals continued from previous page.) 


QUESTION 


Can you communicate 
Withee direct a 
through medium of. . 

P 


Will you retransmit to... 
cals Bate free of charge? 


Has the dilistress call 
received from......... 
been cleared? 


Shall I send (or reply) on 
ee ee kc/s (or m) and 
/or on waves of Type 


Al, A2, A3 or B? 


Shall I send a series of 
? 


ee (e, e e iB) (8 6 je) © ie) 6 ‘eo 6) (e\7 2 


Will ey Send OD were are 
kc/stitoree es: - m) and 
/or on waves of Type 


Al, A2, A3 or B? 


Will you listen for....... 
(call sign) on. > 
KC/si(Olcee ee m)? 


Shall I change to trans- 
missions On -eew eee kc/s 
(GDR. ce m) without 
changing the type of 
wave? Or, shall I change 
to transmission on an- 
other wave! 


Shall I send each word or 
group twice! 


Shall I cancel telegram No. 
ps, ee as if it had not 
been sent? 


Do you agree with my 
number of words? 


How many telegrams have 
you to send? 


ANSWER 


I will retransmit tov]. eee free 
of charge. 


The distress call received from 
Lee has been cleared by..... 


Send: (or reply) ‘on. fee 
ke/s#(onee eee m) and/or on 


waves of Type Al, A2, A3 or B. 
Send a series of VVV....... 


I am going to send (or I will send) 
ONY sear kc/s (or m) 
and/or on waves of Tape Al, Az 
A3 or 


I am eee for... ... 
(call sign) on. ... 233 kc/s 
( ). 


Change to transmission on...... 
ke/se (olen eee m) without 
changing the type of wave. Or, 
change to transmission on an- 
other wave. 


/ 


Send each word (or group) twice. 


Cancel telegram No... es 
as if it had not been sent. 


I do not agree with your number 
of words; I will repeat the first 
letter of each word and the first 
figure of each number. 


[haves 2. 3... taae ae telegrams 
for you-(or for. «...... sn ). 
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ABBREVIATIONS COMMONLY USED BY AMATEURS 


SHORT FULL 

PESO Ne aga A About 

1 > es eee Oe Fe Again 

POPPIN oy aha vets os Ahead 

CO 1 2 aa Any 

(CADE, SS eae ae Approximately 

LOS eS ee eee Broadcast 

CUD RS Bad 

Ob So. re Before 

OL Sa a By 

LLC 6 ee Ras ee nr Break 

ict SS ie ae Been 

LPL. SSG te Sa Ra But 

BENE ovediu.. dxhic es xi Because 

(SHO Ss i ae ee Between 

la te er a Business 

(Cn.665 6b ie ee See (Yes) 

NSLS a.) on Clear 

BEE ee Re as oe Can 

IS if Re a i Canse 

ale oe ee Check 

ol gl RR Ee i Circuit 

ONULCK 2... Se eae ae Coming 

ND BO ae eee oa Could 

CO fe a tae oe, Continuous Wave 

(CHUN DES oe ee a ee See You Later 

CO IVIE eee oe ee a, o: Come 

UA G Noe os share Se See You Again 

OU re From 

ose ane re Day 

IDEN ean Don’t, Didn’t 

UD Sr Deadhead 

OCS OS Rae Direct Current 

JOM ot re Long Distance 

ETE Vo eee lee os And 

i. 5 Easy 

Ds | 2 hy Fine Business 

[TIM Cos lana re From 

EN es oa For 

is SOU Seah er Frequency 

a ie Go Ahead 

SME le. i SF soca ba Good-Bye 

OL). ee Good Morning 

"ol > ee a Good Night 

CH i a a a Going 

UO ae Got-Get 

OIL, GS el a a Ground 

FOU A) erp vas ook. Laughter 

BEI Perish ne dc ohn. « Him 

OY os (a Here-Hear 

ELMER oe RT cia dt tap Have 

EDV VR PR yh i cong How 

C22 ee re I see 

IRONS: SC ee nT Interrupted 
Continuous Wave 

Oy. oss ne ota bison sot Go Ahead 

ILO De 2 ae ena a Poor Operator 

[EIN 8 ae a ne Little 

LLL Bs 38 ane eon eae ra are ee Left 

RESIN Meee es ee ae Listen 

PoVER rere te ons er nsnncierancc Letter 

LN ea EA a eee Milliampere 

WI OF Cte See 28 See ee A Megacycle 

WIG Fee ARE hss: Motor Generator 


SHORT FULL 

1 DORR) Mia 5 3 eee eines My 

MIRE eeeorersarcttt a: Microphone 
IM Keen eee it nea Make 

MO Mr ak re es eee More 

MSGR eee ee ce Message 

1 eee eee NG Ee ah sey Empty 

ND iis cen ook es Nothing Doing 
ING ta oe ones eee No Good 

IN TA eee eee Nothing 

IN Mia siete een ae No More 

IN Rete, dace eee Number 
NW es oe ee eee Now 

OB ee de eee Old Boy 

OU Pee Scns hae on ee ene Old Lady 
OMe tne i ee Old Man 
OPS rach ee Ancree Operator 

OT FS ence eee Old Top-Timer 
OW seein 2 eee Old Woman 
BUS eke ee Please 

PSE: eae 45 eee Please 

BX. Sousa 3 re a tare Press 
Ree ee: OK 

RODS thse Sra tenet. Received 
RCV Rep. peer epee ae Receiver 

Risk eesc oe eee ae Radio Inspector 
NY i NOOR SRE aR Say 

SEZ Mae eden eee ae Says 

SM RN no cee tae Sor aie Some 

SW ilo ty seta ee aie eae a Short-Wave 
SIG reek tee pa) Ane eee Signal 
SKEDE Moen ee oe Schedule 
“LEG gacetetcs race RE Traflic 

HL RGRS eee Baty ey ee Take 

KS 2 aed Sn eee Thanks 

IM Wire ae aie cae ine Tomorrow 
LN Rae ea ee eae Think 

LIN ae se ce ee: Thanks 
(REA ee ie eer There 

Oe Se eas ee That 

1D, i RS CN ee Sree oe Oe Transmitter 
1G he ah SAR Mee 8 eek ected You 

UD SA Sie aoc eee You would 
OL heiiey, 2 Seen You will 

URSA ae ee RE ea eee Your 

VB eae Aare ee en ae Very Bad 
VR ti ee Soe e Vacuum Tube 
VV See ee kee toy Very 

WATE ad en Word After 
WB dere. 6 fre Ne es Word Before 
WD sae ee eens eee Would 

We eh Word Following 
LW Gy See ene bh ae Work 

Wiles Ae re wee ee ena aoe Will-Would 
SV IN eR Bane ea When 

Willette ees ra Cre Be What 

WX eae eee eae Weather 

DG SE RG end a ER le 8 Interference 
EX MCT Ree ee ear kee Transmitter 
TY’ Re ee a ee So ee Wife 

OY LAN See ee Young Lady 
YR eit eo ee eee Your 

C1UF Lee We! ea? ee ee Finish-End 
SAU ak SOM errr we os Best Regards 
SSA Mal SO a Love and Kisses 
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Fixed Condenser 
ica, Paper, 
Electrolytic 


Variable 
Condenser 


Parallel tuned 
circuit. Used in 
Receivers and 
Transmitters. 


Air core trans- 
formers, Usually 
called coils. The 
secondary is usu- 
ally tuned. 


Iron core trans- 
former. Audio, 
Plate or 
Filament. 


Air core radio 
frequency choke. 


Iron core choke 
swinging or 
smoothing. 


Fixed 
Resistor 


Ww 


Variable 
Resistor 
Rheostats. 


WaKr— 


Potentiometer 


RADIO SYMBOLS 


ee fe 


ee 
= 

a 
ii 


' 
fe 


Volume Controls 


ae 
oltmeter 
Milliammeter Loudspeaker 
A.C. and D.C. 
Switch 
Half Wave 
Rectifier 
Key 
2) Filament Type 
riode 
Piezo 
Electric Crystal Heater Type 
Triode 
Single 
Battery 
Cell Multi-Grid Tube 
Screen Grid and 
~ Pentode 


Multiple Cell 


Battery Pilot 
(ey Light 
Double Button 
Microphone —¢_f — Fuse 
/ 
Single Button 
Microphone 
Antenna 


pati | 


Ground, may also indicate 
a connection to chassis. 


Jack 
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TECHNICAL LITERATURE 
by | 
THORDARSON 


No. 344—Transmitter Guide . .. . . . . 15¢c Postpaid 
Another Thordarson publication produced for the Amateur Op- 
erator. Complete description and details on practical types of 
transmitters and short wave apparatus. Schematic diagrams, 
pictures and parts lists of 12 new, modern transmitters from 10 ~ 
to 1000 watts including an all band A.C.-battery, emergency 
portable unit and a 5-10 meter Mobile Transmitter. 


No. 346— Amplifier Guide. . . . . . . . 15¢ Postpaid 
P. A. men and experimenters interested in building high quality 
amplifiers find the Thordarson Amplifier Guide No. 346 a worth- 
while source of information. It contains laboratory designed 
and tested circuits of amplifiers from 8 to 120 watts output. 
Complete parts list, mechanical chassis drawings, and compre- 
hensive illustrations enable the constructor to obtain superior 
results with matched transformer and choke components. Data 
is included for pre-amplifiers, dual tone controls, speaker im- 
pedance matching and testing. 


No. 352— Replacement Encyclopedia and Service Guide . Free 
Thordarson Replacement Transformer Encyclopedia and Ser- 
vice Guide No. 352 recommends proper transformer and choke 
replacement for receivers listed in Rider’s Manuals. This handy, 
useful time-saver, originated by Thordarson is now used by good 
service engineers the world over. In addition, it contains a 
new edition of the popular Service Guide giving practical solu- 
tions to everyday service problems, including useful charts 
and tables. 


No. 340— Complete Transformer Manual . . . 35c Postpaid 
The Thordarson Transformer Manual isa complete book, con- 
taining the Replacement Transformer Encyclopedia and Servicing 
Guide, the Transmitter Guide, and the Sound Amplifier Guide, 
plus current Thordarson catalogs. It is bound in a strong attrac- 
tive blue and orange cover with looseleaf arrangement, giving the 
user opportunity to keep the Manual up-to-date by adding later 
Thordarson releases. A book that has proven to be most popular 
in the technical library. 


No. 400 — Complete Transformer Catalog . . . . . « Free 
A catalog of transformers and reactors for every radio use. Con- 
tains full physical and electrical descriptions. 


Obtainable from most radio parts distributors or from 


THORDARSON ELECTRIC MFG. CO. 
500 W. HURON ST. CHICAGO, ILLINOIS, U.S. A. 
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SIGN THIS CARD AND LEAVE IT 
upon the desk. 
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RETURN this book to the DESK 
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ANOTHER READER may need it. 
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